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ABSTRACT
Non-covalent interactions govern multiple important chemical processes throughout
nature, from those within the human body to the complex environment of the atmosphere.
Quantum mechanical electronic structure modeling of these relatively weak interactions can
provide molecular level insight that can further our understanding of specific macroscopic
properties. In the present work, different non-covalent interactions are computationally eval-
uated within four systems. A small prototypical hydrogen bonded system and the various
structural motifs that promoted proton transfer within concentrated acid and water clusters
are characterized with sophisticated wavefunction based methods and large robust basis sets
in order to accurately predict the structures, energies and even vibrational frequencies. The
steep computational demands of these wavefunction based methods typically limit character-
ization to small systems. However, various approximations can be made to achieve accurate
characterization for larger systems, including the identification and quantification of halogen
bonding and pi-stacking interactions within self-assembling opto-electronic building blocks as
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1.1 APPLIED QUANTUM CHEMISTRY
Computational modeling has become a very important contributor to the scientific
method, because simulation can aid in the characterization and assessment of various prop-
erties before an experiment is even performed.1,2 One tool for characterizing the properties
of molecules is quantum mechanical (QM) electronic structure theory. This specific type of
applied QM theory is used to solve the time-independent Schro¨dinger equation governing
the behavior of electrons (e) and nuclei (N) in molecular systems (Eq. 1.1), which contains
the Hamiltonian operator (Hˆ), the wave function of the system (Ψ), and the energy of the
system (E).
HˆΨ = EΨ (1.1)

































Equation 1.2 shows the molecular electronic Hamiltonian decomposed into operators for the
kinetic energy of the electrons (Tˆ e), the kinetic energy of the nuclei (TˆN), the potential
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energy of the attraction between the electrons and the nuclei (Vˆ eN), the potential energy of
the repulsion between the nuclei (Vˆ NN), and the potential energy of the repulsion between
the electrons (Vˆ ee). This equation can be further expanded as seen in Equation 1.3 (using
atomic units), with the Laplacian operator (∇), the mass and charge of nucleus I (MI and
ZI , respectively) as well as the number of electrons and nuclei (n and m, respectively).
Additionally, sub-atomic structure allows an important simplification to be made to the
Schro¨dinger equation. The Born-Oppenheimer approximation separates the motion of the
electrons from the motion of the nuclei, which tends to be quite accurate because the nuclei
have greater mass than the electrons. This approximation reduces TˆN to zero and Vˆ NN to
a constant.2–4
1.1.1 Structures and Energetics
A geometry optimization allows the structure of a stationary point on a potential
energy surface to be identified, whereas a potential energy surface is the mathematical re-
lationship between the molecular geometry and the corresponding energy. The overall goal
of a geometry optimization is to locate a stationary point where the gradient (first deriva-
tive of the energy with respect to the atomic coordinates) is equal to zero, indicating that
a minimum, maximum or saddle point has been identified. Following the geometry opti-
mization, a harmonic frequency computation should be performed in order to assess the
curvature of the potential energy surface at that geometry (based on the second derivative
matrix that is composed of second derivatives of the energy with respect to the atomic coor-
dinates or Hessian matrix). The results from this computation will indicate if the identified
optimized geometry corresponds to a minimum, maximum or a saddle point. In chemistry,
these low-energy minima are the molecular conformations likely to be observed in nature un-
der reasonably appropriate experimental conditions whereas the transition states connecting
them are typically first-order saddle points.
After the minimum energy structures have been identified, the molecular properties
2
can be investigated. The energetics associated with molecules are a commonly investigated
property. Intrinsic energetics (or relative energies, ∆E) are important when comparing
multiple structures on the same potential energy surface. Identifying which structure is the
lowest in electronic energy (global energy minimum) and how much higher the other local
minima are can help differentiate what configurations might be present under particular
experimental conditions. Additionally, the dissociation energy (De) can be determined for
all minima, which is the amount of energy required to split the molecule apart into smaller
fragments.5 Even though electronic energies can help compare various structures, they do
not incorporate the vibrational motion of molecules at absolute zero temperature (0 K). The
zero-point vibrational energy (ZPVE) can be added to the electronic energies, giving rise to
ZPVE corrected relative energies (∆E0) and dissociation energies (D0).
2,3
1.1.2 VIBRATIONAL FREQUENCIES
Another property that can be determined with computational modeling is vibra-
tional frequencies. Even though a harmonic vibrational frequency computation should be
performed after every geometry optimization, these computed harmonic frequencies would
have large differences when directly compared to those frequencies observed in low temper-
ature experiments. In order to compare with experiment the anharmonic potential should
be used, which is a Taylor series expansion, where R is the specific geometry and Re is the
equilibrium geometry as seen in Equation 1.4.6,7 The harmonic approximation truncates this
potential after the second term (Eq. 1.5), which can result in frequency differences exceeding
100 cm−1 when compared to experimental values.2,3
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In order to obtain anharmonic vibrational frequencies, second order vibrational per-
turbation theory (VPT2) can be used.6,7 This theory truncates Equation 1.4 after the quartic
terms and computes the cubic (φijk) and quartic (φijkl) force constants (only quartic terms
where all indices i, j, k and l are different are excluded) as seen within the multidimensional
potential in Equation 1.6. Additionally, within Equation 1.6, the harmonic vibrational fre-
quencies are represented by ωi, and the q terms represent the amount of displacement within
the normal coordinates. Once the force constants are obtained, VPT2 utilized second-order




















1.2 QUANTUM CHEMICAL TECHNIQUES
Computational quantum chemistry investigations utilize multiple tools to solve the
Schro¨dinger equation, probe the potential energy surface to identify structures, determine
various energy values and compute vibrational frequencies. QM wavefunction methods are
derived from first principles (also know as ab initio). These methods are based on Hartree-
Fock theory, which does not include electron correlation, because in uses a mean field ap-
proximation. The approach allows each electron to experience the force of the mean field
of all the other electrons in the system.4,8 To improve upon this approximation, so called
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“post Hartree-Fock” methods attempt to incorporate some electron correlation back into
the model. For example, the coupled-cluster method that includes all single and double
substitutions (CCSD), promotes one or two electrons, respectively into virtual orbitals in
order to obtain some amount of electron correlation.9,10 This iterative procedure can then
be extended to include a perturbative estimate of connected triple substitutions, which is
the “gold standard” of computational chemistry (CCSD(T)).9,11
Along with a method, a basis set must be used to described the space of interest,
which is the orbitals in which electrons reside. Basis sets can be improved by increasing the
number of basis functions that are being used to describe the space, thusly getting a better
representation. Even though orbitals are well described by a Slater function, an approximate
Gaussian function can be used. Guassian type functions can also be combined together to
form contracted Gaussian orbitals, which give a better approximation of Slater orbitals than
a single Gaussian function. Polarization and diffuse functions can also be incorporated into
a basis set, which primarily allow for a better description of bonding and electrons that are
farther away from the nucleus, respectively.2,4
Computations including sophisticated QM electronic structure methods and large ro-
bust basis sets tend to be very computationally demanding (for example CCSD(T) scales as
(N)7, where N represents the size of the system). However these demands can be reduced
by the use of density fitting procedures (also known as resolution of the identity) which re-
duce the computationally expensive four indexed electron repulsion integrals into three index
terms.12 Another way to reduce the computational demands is by using density functional
theory, which replaces a wavefunction that is dependent on the spatial and spin coordi-
nates for all the electrons in the system with a function that depends only on the electron
density (using three spatial coordinates).13 Finally, the use of explicitly correlated methods
can accelerate the convergence to the complete basis set limit. For example, performing
a CCSD(T)-F12/TZ computation results in qualitatively similar results to a CCSD(T)/QZ
computation.14 Using such reductions and substantial computational resources allow the var-
5
ious chemical properties outlined above to be throughly investigated for interesting systems.
1.3 NON-COVALENT INTERACTIONS
Intermolecular interactions occur everywhere, in between molecules within gas, liquid
and solid phases.1 These non-covalent interactions also come in a variety of forms including
hydrogen bonding, halogen bonding, argyrophilic (having an affinity for silver) interactions
and many others. Being able to characterized these interactions requires a detailed under-
standing of their nature and behavior as a function of the relative orientation and separation
of the corresponding molecules. Systems including non-covalent interactions are important
to all areas of chemistry and are consistently being characterized with computational model-
ing in order to identify structural motifs and provide a molecular view of specific macroscopic
properties.1,15,16
One of the most common non-covalent interactions is the hydrogen bond, which
includes a hydrogen atom that is covalently bound to an electronegative atom. Since a
hydrogen atom contains one proton and one electron, if the electron density is pulled towards
the electronegative atom, the hydrogen is essentially left as a proton or positive charge. This
positive charge can then interact quite strongly to a neighboring atom with a partial negative
charge. This type of non-covalent interaction is prevalent in a large range of molecular
processes and is still being characterized in novel applications.17–24
Halogen bonding has been growing in popularity since it was defined by the Interna-
tional Union of Pure and Applied Chemistry (IUPAC) in 2013. A halogen bond (XB) is a
net attractive interaction between an electrophilic region associated with a halogen atom in
a molecular entity and a nucleophilic region in another, or the same molecular entity.25 This
interaction occurs because of the anisotropic redistribution of the electron density when the
covalent bond between a halogen atom and a neighboring atom is formed.26–30 These inter-
actions are commonly utilized in material science, with the self assembly of opto-electronic
molecules.31–38
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Argyrophilic interactions are typically involved in studies of surface enhanced Raman
spectroscopy (SERS), which utilizes a silver surface or nanoparticle to enhance the Ra-
man scattering activities within certain vibrational modes.39,40 Investigating the vibrational
signatures associated with SERS spectra for nitrogen containing heterocycles, molecules in-
cluding nitro groups and nucleobases has been quite popular in recent years.41–45 This optical
enhancement can even provide sufficient sensitivity for single molecule detection.46–54
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CHAPTER 2
HYDROGEN BONDING IN THE MIXED HF/HCl DIMER: IS IT BETTER TO GIVE
OR RECEIVE?
Reproduced with permission from Sarah N. Johnson and Gregory S. Tschumper,
J. Comput. Chem., 2018, 39, 839–843. DOI: 10.1002/jcc.25157
Copyright 2018 John Wiley and Sons
Permission for reproduction granted by John Wiley and Sons:
https://www.wileyrights.gms.sg/copyright.php
ABSTRACT
The ClH· · ·FH and FH· · ·ClH configurations of the mixed HF/HCl dimer (where the donor
· · · acceptor notation indicates the directionality of the hydrogen bond) as well as the transi-
tion state connecting the two configurations have been optimized using MP2 and CCSD(T)
with correlation consistent basis sets as large as aug-cc-pV(5+d)Z. Harmonic vibrational fre-
quencies confirmed that both configurations correspond to minima and that the transition
state has exactly one imaginary frequency. Additionally, anharmonic vibrational frequencies
computed with second-order vibrational perturbation theory (VPT2) are within 6 cm−1 of
the available experimental values and deviate by no more than 4 cm−1 for the complexation
induced HF frequency shifts. The CCSD(T) electronic energies obtained with the largest
basis set indicate that the barrier height is 0.40 kcal mol−1 and the FH· · ·ClH configuration
lies 0.19 kcal mol−1 below the ClH· · ·FH configuration. While only modestly attenuating
the barrier height, the inclusion of either the harmonic or anharmonic zero-point vibrational
energy effectively makes both minima isoenergetic, with the ClH· · ·FH configuration being
lower by only 0.03 kcal mol−1.
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2.1 INTRODUCTION
The dimers resulting from the mono-hydration of HF and HCl exhibit only a single low
energy configuration, where the hydrogen halide donates the hydrogen bond to water.55,56
Dimer configurations in which HF or HCl accepts a hydrogen bond from water have not been
observed experimentally and do not correspond to minima when characterized sufficiently
with robust electronic structure methods.55–58 This information indicates that although HF
and HCl are good hydrogen bond donors, they may not be the best hydrogen bond accep-
tors. As such, the HF/HCl mixed dimer is an interesting system because hydrogen bond
formation requires one of the fragments to accept a hydrogen bond from the other. Despite
exhaustive work on the related (HF)2 and (HCl)2 homogeneous dimers,
17,18,59–65 the mixed
HF/HCl dimer has received relatively little attention. This heterogeneous dimer was first
characterized in 1977,66 but only the ClH· · ·FH configuration was detected in the microwave
spectra of the molecular beam electric resonance experiments (where this donor· · · acceptor
notation has been adopted in the present study to clearly indicate the directionality of the
hydrogen bond). More than a decade later, Fraser and Pine observed not only the ClH· · ·FH
configuration but also the FH· · ·ClH configuration in the microwave and infrared (IR) spec-
tra of molecular beams formed by expanding a mixture of HF and HCl in helium.67 The
authors inferred that the ClH· · ·FH configuration was lower in energy than the FH· · ·ClH
configuration based on the relative strengths of hyperfine transitions.67 In 1995, Oudejans
and Miller measured the dissociation energy (D0) of the mixed dimer using vibrational pre-
dissociation spectroscopy.68 The D0 of the ClH· · ·FH configuration was determined to be 642
cm−1 (1.84 kcal mol−1), however the D0 for the FH· · ·ClH configuration was not reported
because it dissociates via a different pathway that complicates such measurements.68
In addition to these experimental studies, a variety of theoretical investigations have
examined both configurations of this simple heterodimer.69–74 Early self-consistent field
(SCF) Hartree-Fock (HF)75–78 computations by Kollman and co-workers compared differ-
ent proton donors and acceptors to characterize the orientation and strength of hydrogen
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bonds, this revealed that the electronic energy of the FH· · ·ClH configuration was approx-
imately 1 kcal mol−1 higher in energy than that of the ClH· · ·FH configuration.69–71 A
subsequent theoretical investigation in 1988 by Latajka and Scheiner73 included post-HF
computations with second-order Møller-Plesset perturbation theory (MP2).79 These compu-
tations indicated that the two configurations were isoenergetic (within 0.1 kcal mol−1). In
addition, a transition state connecting the two configurations was identified and found to be
approximately 0.5 kcal mol−1 higher in energy. The ClH· · ·FH and FH· · ·ClH configurations
remained isoenergetic after the zero-point vibrational energies (ZPVEs) were included from
SCF harmonic vibrational frequency computations. In contrast, the molecular mechanics for
clusters (MMC) method developed by Dykstra and co-workers indicated that the FH· · ·ClH
configuration was appreciably lower in energy whether the harmonic ZPVE was included or
not (by approximately 0.3 and 0.7 kcal mol−1, respectively).74 That study also identified the
corresponding transition state with a barrier height of 0.8 kcal mol−1.
The present study builds on the important work outlined in the previous paragraphs
and provides reliable relative energetics for the two configurations of the mixed HF/HCl
dimer as well as the transition state barrier height. The CCSD(T) method and large correla-
tion consistent basis sets are used to compute not only electronic energies near the complete
basis set (CBS) limit but also optimized geometries, harmonic vibrational frequencies and
anharmonic vibrational frequencies. To the best of our knowledge, the results presented here
include (i) the first anharmonic vibrational analysis with ab initio electronic structure meth-
ods, (ii) the first ab initio harmonic vibrational frequencies beyond the SCF level of theory,
and (iii) the first ab initio relative electronic energies beyond the MP2 computations from
Latajka and Scheiner73 for this important hydrogen bonding prototype. The data presented




Both configurations of the HF/HCl dimer and the transition state connecting the two
have been optimized using MP279 and the CCSD(T) coupled cluster method that includes
all single and double substitutions as well as a perturbative estimate of the connected triple
substitutions9,11 with a series of correlation consistent basis sets augmented with diffuse func-
tions on non-hydrogen atoms and an extra set of tight d functions for chlorine (cc-pVXZ
for H, aug-cc-pVXZ for F, aug-cc-pV(X+d)Z for Cl, where X = D, T, Q, and 5; denoted
ha(X+d)Z).80–82 Harmonic vibrational frequencies confirmed that both configurations cor-
respond to minima and that the transition state has exactly one imaginary frequency on
both the MP2 and CCSD(T) potential energy surfaces. Anharmonic vibrational frequencies
were computed using MP2 and CCSD(T) with second-order vibrational perturbation theory
(VPT2).7 No Fermi or Darling-Dennison resonances were detected at any level of theory for
either configuration or the transition state.83–85 The MP2 optimizations and harmonic vi-
brational frequency computations were carried out with Gaussian0986 whereas all CCSD(T)
computations and VPT2 analyses were performed with CFOUR.87
2.3 RESULTS AND DISCUSSION
The two different configurations of the mixed dimer and the transition state connect-
ing them can be seen in Figure 2.1. The ClH· · ·FH configuration has HCl acting as the
hydrogen bond donor while HF acts as the acceptor, whereas the situation is reversed for
the FH· · ·ClH configuration. The structure of the transition state closely resembles a paral-
lelogram but is technically an irregular convex quadrilateral. Geometrical parameters for the
different configurations and the transition state are reported in Table 2.1. The intermolecular
distances (R(H· · ·A) and R(D· · ·A) in Table 2.1, where A stands for acceptor and D stands
for donor) obtained from MP2 and CCSD(T) optimizations are remarkably similar and in
good agreement with available experimental intermolecular distances (within 2 %) as long as
X = T, Q or 5. Deviations are somewhat larger for the intermolecular angles, but that is not
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too surprising given the floppy nature of the system and some of the approximations invoked
to obtain the experimentally inferred geometrical parameters. Although no experimental
intramolecular distances (R(FH) and R(ClH) in Table 1) are available, the corresponding
values obtained from MP2 and CCSD(T) optimizations differ by no more than 0.5 % for
both configurations and the transition state when X = T, Q or 5.
Figure 2.1. Depiction of the structures and energetic quantities associate with the mixed
HF/HCl dimer.
Energies relative to the ClH· · ·FH configuration are depicted in Figure 2.1 and re-
ported in Table 2.2. The energy difference between the ClH· · ·FH and FH· · ·ClH config-
urations is given by the ∆E term, while ∆E† represents the energy difference between the
transition state and the ClH· · ·FH configuration. The electronic energy of the FH· · ·ClH
configuration is lower than the ClH· · ·FH configuration by approximately 0.2 kcal mol−1
when X = T, Q, or 5 with either the MP2 or CCSD(T) method as indicated by the ∆Ee
values in the ∆E columns of Table 2. The zero point vibrational energy (ZPVE) effectively
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Table 2.1. Geometrical parameters (distances R in A˚, angles θ in degrees and the average
rotational constants B and C (B¯K) in MHz) for the different configurations of the mixed
HF/HCl dimer and the transition state (TS) (Figure 1) where D and A denote the halogen
atoms associated with the hydrogen bond donor and acceptor, respectively.
Config. Level of Theory R(FH) R(ClH) R(H· · ·A) R(D· · ·A) θ(D· · ·A−H) B¯K
ClH· · ·FH MP2/ha(D+d)Z 0.926 1.287 2.07 3.35 119.6 3479
MP2/ha(T+d)Z 0.924 1.277 2.06 3.32 116.0 3537
MP2/ha(Q+d)Z 0.921 1.277 2.04 3.31 116.3 3568
MP2/ha(5+d)Z 0.920 1.277 2.04 3.31 116.3 3573
CCSD(T)/ha(D+d)Z 0.925 1.290 2.10 3.38 119.5 3412
CCSD(T)/ha(T+d)Z 0.923 1.280 2.08 3.35 115.2 3490
CCSD(T)/ha(Q+d)Z 0.920 1.280 2.06 3.33 115.3 3523
CCSD(T)/ha(5+d)Z 0.919 1.280 2.06 3.33 115.2 3528
Experiment[s] – – 2.08 3.37 130.0 3422
FH· · ·ClH MP2/ha(D+d)Z 0.929 1.285 2.38 3.30 90.4 3673
MP2/ha(T+d)Z 0.927 1.275 2.31 3.23 90.7 3825
MP2/ha(Q+d)Z 0.924 1.275 2.32 3.23 89.8 3828
MP2/ha(5+d)Z 0.924 1.274 2.31 3.23 89.5 3839
CCSD(T)/ha(D+d)Z 0.928 1.289 2.40 3.32 91.0 3634
CCSD(T)/ha(T+d)Z 0.926 1.279 2.32 3.24 91.1 3795
CCSD(T)/ha(Q+d)Z 0.923 1.279 2.33 3.24 89.9 3796
CCSD(T)/ha(5+d)Z 0.922 1.278 2.33 3.24 89.6 3806
Experiment[s] – – 2.36 3.28 93.0 3710
TSa MP2/ha(D+d)Z 0.927 1.286 2.53 3.25 55.2 3798
MP2/ha(T+d)Z 0.924 1.276 2.44 3.23 56.2 3840
MP2/ha(Q+d)Z 0.921 1.276 2.41 3.22 57.4 3861
MP2/ha(5+d)Z 0.921 1.275 2.40 3.21 57.4 3875
CCSD(T)/ha(D+d)Z 0.925 1.289 2.53 3.26 56.6 3771
CCSD(T)/ha(T+d)Z 0.923 1.279 2.44 3.23 56.9 3832
CCSD(T)/ha(Q+d)Z 0.920 1.279 2.41 3.22 58.4 3854
CCSD(T)/ha(5+d)Z 0.920 1.279 2.40 3.22 58.4 3868
aThe TS data corresponds to when D = Cl and A = F.
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eliminates the energetic separation of the two minima, making both configurations essen-
tially isoenergetic when either the harmonic or anharmonic ZPVEs are included (i.e., the
∆Eh0 and ∆E0 entries in Table 2, respectively). CCSD(T) computations with the ha(Q+d)Z
and ha(5+d)Z basis sets indicate that the FH· · ·ClH configuration is only 0.03 kcal mol−1
higher in energy than the ClH· · ·FH configuration when anharmonic ZPVEs are included.
For the transition state (∆E† columns of data in Table 2), the MP2 electronic energies in-
dicate that it lies about 0.5 kcal mol−1 above the ClH· · ·FH configuration. This electronic
barrier height (∆E†) is slightly smaller (0.4 kcal mol−1) at the CCSD(T) level of theory.
Both harmonic and anharmonic ZPVEs attenuate the barrier to a small degree.
Table 2.3 reports the dissociation energies for both minima computed with the ha(5+d)Z
basis set. With this large basis set, the Boys-Bernardi counterpoise procedure (CP) decreases
the MP2 and CCSD(T) electronic dissociation energy (De) values by no more than 0.1 kcal
mol−1. The counterpoise procedure has an even smaller effect (≤ 0.04 kcal mol−1) on the rel-
ative dissociation energies (∆D) which suggests that the ha(5+d)Z energetics reported here
are close to the complete basis set (CBS) limit, where the inconsistency commonly referred to
as basis set superposition error (BSSE) vanishes by definition. The harmonic or anharmonic
ZPVEs decrease the dissociation energy by slightly more than 1 kcal mol−1. The MP2 and
CCSD(T) D0 values of 1.87 and 1.81 kcal mol
−1, respectively, are in excellent agreement with
the 1.84 kcal mol−1 experimental D0 obtained for the ClH· · ·FH configuration by Oudejans
and Miller.68
The harmonic vibrational frequencies for both configurations and the transition state
are reported in the supplementary information. The imaginary mode of the transition state
has a magnitude of 137 cm−1 at the CCSD(T)/ha(5+d)Z level of theory and corresponds
to the in-plane rocking motion of both hydrogens, which leads downhill to either config-
uration. Harmonic frequencies computed with the ha(Q+d)Z basis set never deviate by
more than 6 cm−1 from the corresponding ha(5+d)Z values. For the eighteen modes as-
sociated with the three structures, the average absolute deviation between the ha(Q+d)Z
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Table 2.2. Relative electronic energies (∆Ee) and zero-point corrected relative energies using
harmonic (∆Eh0) and anharmonic (∆E0) vibrational frequencies, where all quantities are in
kcal mol−1 and relative to the ClH· · ·FH configuration.
MP2 CCSD(T)
Basis Set ∆E ∆E† ∆E ∆E†
ha(D+d)Z ∆Ee +0.09 +0.61 +0.02 +0.54
∆Eh0 +0.29 +0.44 +0.24 +0.43
∆E0 +0.30 +0.49 +0.24 +0.49
ha(T+d)Z ∆Ee −0.19 +0.53 −0.22 +0.45
∆Eh0 +0.07 +0.34 +0.05 +0.33
∆E0 +0.06 +0.38 +0.02 +0.39
ha(Q+d)Z ∆Ee −0.16 +0.50 −0.19 +0.41
∆Eh0 +0.06 +0.34 +0.03 +0.31
∆E0 +0.06 +0.36 +0.03 +0.37
ha(5+d)Z ∆Ee −0.17 +0.48 −0.19 +0.40
∆Eh0 +0.05 +0.34 +0.02 +0.25
∆E0 +0.06 +0.36 +0.03
a +0.36a
aAnharmonic correction from ha(Q+d)Z
15
Table 2.3. Electronic dissociation energies (De in kcal mol
−1), counterpoise corrected elec-
tronic dissociation energies (DCPe in kcal mol
−1), zero-point corrected dissociation energies
using harmonic (Dh0 in kcal mol
−1) and anharmonic (D0 in kcal mol−1) vibrational frequen-
cies, and relative dissociation energies (∆D in kcal mol−1) characterized with the ha(5+d)Z
basis set.
MP2 CCSD(T)
ClH· · ·FH FH· · ·ClH ∆D ClH· · ·FH FH· · ·ClH ∆D
De 2.84 3.01 −0.17 2.76 2.95 −0.19
DCPe 2.78 2.91 −0.13 2.71 2.88 −0.17
Dh0 1.71 1.66 +0.05 1.63 1.61 +0.02
D0 1.87 1.81 +0.06 1.81
a 1.78a +0.03a
aAnharmonic correction from ha(Q+d)Z
and ha(5+d)Z frequencies is 1 cm−1 for both the MP2 and CCSD(T) methods. In light
of these small deviations and the computational demands of the CCSD(T)/ha(5+d)Z Hes-
sians, the CCSD(T)/ha(Q+d)Z VPT2 results are being used as proxies for the corresponding
ha(5+d)Z values. The anharmonic frequencies and IR intensities for both minima are re-
ported in the supplementary information along with the complexation induced donor and
acceptor frequency shifts.
A comparison to the available experimental HF stretching frequencies (ν) and shifts
induced by hydrogen bond formation (∆ν) are given in Table 2.4. For the ClH· · ·FH mini-
mum in which HF accepts the hydrogen bond from HCl, the anharmonic CCSD(T)/ha(Q+d)Z
frequencies from the VPT2 computations are within 2 cm−1 of the experimental HF stretch-
ing frequency. Interestingly, the corresponding MP2/ha(Q+d)Z and MP2/ha(5+d)Z anhar-
monic frequencies are quite similar and lie within 5 cm−1 of the experimental value. These
deviations from the experimental HF stretching frequency are somewhat larger when HF do-
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nates the hydrogen bond in the FH· · ·ClH configuration. The CCSD(T)/ha(Q+d)Z result
is still within 6 cm−1, but the differences grow as large as 18 cm−1 for the anharmonic MP2
frequencies computed with the ha(Q+d)Z and ha(5+d)Z basis sets.
Table 2.4. Harmonic vibrational frequencies (ωe in cm
−1) and VPT2 anharmonic corrections
(δanh in cm−1) at different levels of theory are combined to obtain anharmonic vibrational
HF stretching frequencies (ν in cm−1) and complexation induced anharmonic HF frequency
shifts (∆ν in cm−1).
Harmonic VPT2 ωe δ
anh ν ∆ν
ClH· · ·FH
MP2/ha(Q+d)Z MP2/ha(Q+d)Z 4106 −170 3936 −27
MP2/ha(5+d)Z MP2/ha(5+d)Z 4106 −171 3935 −28
CCSD(T)/ha(Q+d)Z MP2/ha(Q+d)Z 4116 −170 3946 −17
CCSD(T)/ha(5+d)Z MP2/ha(5+d)Z 4117 −171 3946 −15
CCSD(T)/ha(Q+d)Z CCSD(T)/ha(Q+d)Z 4116 −174 3942 −21
CCSD(T)/ha(5+d)Z CCSD(T)/ha(Q+d)Z 4117 −174 3943 −20
Experiment67 3940 −21
FH· · ·ClH
MP2/ha(Q+d)Z MP2/ha(Q+d)Z 4008 −158 3850 −113
MP2/ha(5+d)Z MP2/ha(5+d)Z 4008 −159 3849 −114
CCSD(T)/ha(Q+d)Z MP2/ha(Q+d)Z 4032 −158 3874 −89
CCSD(T)/ha(5+d)Z MP2/ha(5+d)Z 4031 −159 3872 −89
CCSD(T)/ha(Q+d)Z CCSD(T)/ha(Q+d)Z 4032 −159 3873 −90
CCSD(T)/ha(5+d)Z CCSD(T)/ha(Q+d)Z 4031 −159 3872 −91
Experiment67 3867 −94
To shed more light on this situation, the harmonic (ωe) and anharmonic (δ
anh) compo-
nents of the VPT2 frequencies have been listed separately in Table 2.4. With the ha(Q+d)Z
basis set, the MP2 and CCSD(T) anharmonic contributions to the HF stretching frequencies
are nearly identical. For the more challenging HF donor, the δanh terms differ by only 1 cm−1
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which indicates the large MP2 deviations from experiment in the FH· · ·ClH configuration
can be attributed to the harmonic component of the vibrational frequency. In fact, the same
good agreement with the experimental HF stretching frequencies and frequency shifts can be
obtained by combining the CCSD(T) harmonic frequencies with the anharmonic corrections
from MP2 VPT2 computations.
The CCSD(T)/ha(Q+d)Z anharmonic vibrational spectra for both configurations can
be seen in Figure 2.2. Overtones and combination bands with up to three vibrational quanta
(νi + νj = 3) are included in the spectra and also tabulated in the supporting information.
However, most do not have sufficient IR intensity to be visible on this scale. The ν6 overtone
at 537 cm−1 has the greatest intensity, but is still only 30 km mol−1. Both configurations
have numerous low-energy fundamental modes under 500 cm−1 with more significant IR
intensities on the order of 100 km mol−1. However, the HF and HCl stretching modes
between 2800 cm−1 and 4000 cm−1 have the largest intensities for both configurations (100
to 300 km mol−1). For the ClH· · ·FH configuration the HF and HCl stretching modes
have similar intensities, where the FH· · ·ClH configuration showcases the HF stretching
mode as the most intense peak which is three times larger than any other peak in either
spectrum. It is important to note that the peaks in the simulated spectra shown in Figure 2.2
were generated by overlapping Lorentzian functions with a full width half maximum value
of 4 cm−1 whereas the experimental peaks exhibit significant broadening from vibrational
predissociation as discussed in detail in the last section of Reference 67.
2.4 CONCLUSION
This work provides the first thorough characterization of this system (via full ge-
ometry optimizations and vibrational frequency analyses) with correlated ab initio methods
and large basis sets. Both configurations of the mixed HF/HCl dimer are bound by almost
3 kcal mol−1 near the CCSD(T)/CBS limit. The CCSD(T)/ha(5+d)Z electronic dissocia-
tion energies are 2.76 kcal mol−1 for the ClH· · ·FH minimum and 2.95 kcal mol−1 for the
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Figure 2.2. Simulated anharmonic vibrational spectra of both the ClH· · ·FH and FH· · ·ClH
configurations at the CCSD(T)/ha(Q+d)Z level of theory.
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FH· · ·ClH minimum. The values decrease by 0.05 and 0.07 kcal mol−1 respectively, when
the CP procedure is applied. The relative CCSD(T)/ha(5+d)Z electronic energies show
that the FH· · ·ClH configuration is lower than the ClH· · ·FH configuration by 0.19 kcal
mol−1 and that the transition state is 0.40 kcal mol−1 higher than the ClH· · ·FH configu-
ration. However, the inclusion of either the harmonic or anharmonic zero-point vibrational
energy makes both minima isoenergetic (within 0.03 kcal mol−1 of each other according
to the CCSD(T) results obtained with the two largest basis sets). The ZPVE corrections
also decrease the barrier height by approximately 0.1 kcal mol−1. The CCSD(T)/ha(Q+d)Z
D0 for the ClH· · ·FH configuration deviates from the experimental value68 by −0.03 kcal
mol−1. The CCSD(T)/ha(Q+d)Z anharmonic frequencies and complexation induced fre-
quency shifts differ by no more than −6 cm−1 from the experimental values.67 To conclude,
these computations indicate that there is a slight electronic preference for HF to donate and
HCl to accept a hydrogen bond in this mixed dimer. That proclivity vanishes, however, when
the zero point vibrational energy is included which suggests giving and receiving are equally
virtuous in this context. The relative energetics indicate both configurations of the mixed
HF/HCl dimer should be present in experiments conducted at extremely low temperatures
and pressures. The CCSD(T)/ha(Q+d)Z anharmonic frequencies reported here from VPT2
computations will greatly facilitate more complete assignment of the vibrational spectra of
these two minima, both of which have multiple fundamentals with appreciable IR intensities
as well as overtones and combination bands below 600 cm−1 that will likely be discernible
in their IR spectra.
ACKNOWLEDGEMENTS
This work was supported in part by the National Science Foundation (CHE-1338056, OIA-
1430364, and CHE-1664998) and the Mississippi Center for Supercomputing Research (MCSR)
for generous allocation of their computational resources. Professor John Stanton at Univer-
sity of Florida is thanked for help resolving issues regarding VPT2 computations for transi-
20
tion states. Dr. James C. Howard at Virginia Tech, Dr. Thomas M. Sexton at University of
Mississippi, and Dr. Louis E. McNamara at University of Mississippi are thanked for helpful
discussions and technical expertise. Ms. Katarina M. Pittman is thanked for helping with
the initial computations and literature review.
21
CHAPTER 3
INTRINSIC ENERGETICS OF PROTON TRANSFER IN CONCENTRATED BINARY
(HCl)m(H2O)n CLUSTERS
The manuscript for this work is being prepared for submission in May of 2019. The authors
for this work will include myself and Dr. Gregory S. Tschumper.
ABSTRACT
(HCl)m(H2O)n clusters, where m ≥ 2, n ≥ 1 and m + n ≤ 6 have been optimized using
density-fitted second-order Møller-Plesset perturbation theory (DF-MP2) with a correlation
consistent triple-ζ basis set augmented with diffuse functions on non-hydrogen atoms and
an extra set of tight d functions for chlorine (cc-pVTZ for H, aug-cc-pVTZ for O, aug-cc-
pV(T+d)Z for Cl; denoted ha(T+d)Z). Harmonic vibrational frequencies were computed
in order to confirm that 52 unique configurations were minima (i.e., ni = 0) on the DF-
MP2/ha(T+d)Z potential energy surface and to obtain the zero-point vibrational energy cor-
rections as well as the room temperature Gibbs contributions. Single point energy computa-
tions were performed upon the DF-MP2/ha(T+d)Z optimized configurations with explicitly-
correlated coupled-cluster theory that includes all single and double substitutions as well as
a perturbative estimate of the connected triple substitutions (CCSD(T)-F12) and the anal-
ogous ha(Q+d)Z basis set. A variety of low energy configurations exhibited proton transfer
(i.e., Cl−/H3O+), especially in the hexamer systems. These concentrated (HCl)m(H2O)n
clusters also exhibited double proton transfer (i.e., ((HCl)m−2(Cl−)2/(H3O+)2(H2O)n−2) min-
ima within tetramer, pentamer and hexamer systems. Most of the characterized proton
transfer configurations share a common hydrogen bonding topology. Specifically, the proton
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donor(s) tend to accept two hydrogen bonds, while the proton acceptor(s) tend to donate
two hydrogen bonds.
3.1 INTRODUCTION
The hydrated hydrogen chloride system is used as a prototypical model for proton
transfer of a strong acid. Even though an estimated 20 million metric tons of hydrochloric
acid are used globally each year, the fundamental proton transfer process that occurs in this
system is still not fully understood. The most common definition for proton transfer of a
strong acid comes from a liquid phase point of view, where the acid completely ionizes in
solution (Eq. 1). However, this definition becomes more complex when studying systems
within the gas phase or clusters in vacuum. This is due to the large variance in the overall
structure and the position of the protons for all HCl and H2O molecules within a given
system (Eq. 2).
HCl + H2O → Cl− + H3O+ (Eq. 1)
(HCl)m(H2O)n 
 (HCl)m−x(Cl−)x(H3O+)x(H2O)n−x (Eq. 2)
From the characterization of the simple dimer system to that of the smallest droplet
of acid, systems containing one HCl molecule with multiple H2O molecules have been exten-
sively investigated.56,58,62,64,88–130 These combined efforts have determined that four water
molecules are required to form a stable structure in which the proton has been transferred
from the HCl to a H2O molecule. However, the effect that multiple HCl molecules could
have on the structure and energetics of these systems has been limited to small trimer
(where m+n=3) and tetramer (where m+n=4) sized systems.107,124–132 Most of the previous
investigations were able to either experimentally observe107,125,127–130,132 or theoretically pre-
dict107,124–129 cyclic, non-proton transfer configurations of the trimer and tetramer clusters
with at least two HCl molecules. A density functional theory investigation was also able to
identify a cyclic, double proton transfer configuration for the (HCl)2(H2O)2 system as well
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as the non-proton transfer configuration.131 This unique double proton transfer configura-
tion consists of two hydronium cations (H3O
+) and two chlorine anions (Cl−), and was not
identified or observed in any other investigation.
The present study extends the previous literature by throughly characterizing not
only the trimer and tetramer systems, but also the pentamer (where m+n=5) and hexamer
(where m+n=6) systems that contain at least two HCl molecules (m ≥ 2). Sophisticated ab
initio quantum mechanical methods and large robust basis sets are using in order to identify
low-energy structural motifs that will likely exhibit proton transfer within these concentrated
(HCl)m(H2O)n clusters. The potential occurrence of double proton transfer configurations
were also assessed for all the characterized systems.
3.2 COMPUTATIONAL DETAILS
(HCl)m(H2O)n configurations where m ≥ 2, n ≥ 1 and m+n≤6 have been optimized
using density-fitted second-order Møller-Plesset perturbation theory (DF-MP2)133–135 with
a density-fitted self-consistent field (SCF) spin-restricted Hartree-Fock reference136,137 and
a correlation consistent triple-ζ basis set augmented with diffuse functions on non-hydrogen
atoms and an extra set of tight d functions for chlorine (cc-pVTZ for H, aug-cc-pVTZ for O,
aug-cc-pV(T+d)Z for Cl,80–82 along with the corresponding auxiliary basis functions (aug-
cc-pVTZ-jkfit)136, denoted ha(T+d)Z). Harmonic vibrational frequency computations con-
firmed that each of the 52 unique configurations were minima on the potential energy surface.
Single point energy computations were performed upon the DF-MP2/ha(T+d)Z optimized
structures using explicitly-correlated coupled-cluster theory that includes all single and dou-
ble substitutions as well as a perturbative estimate of the connected triple substitutions
(CCSD(T)-F12)9,11 with the analogous quadruple-ζ basis set, ha(Q+d)Z, as defined above
along with the corresponding auxiliary basis functions (aug-cc-pVQZ-MP2fit).138 Zero-point
vibrational energies (ZPVE) and room temperature (298 K) Gibbs free energies were ob-
tained from the DF-MP2/ha(T+d)Z frequency computations and applied to the CCSD(T)-
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F12b electronic energies. In addition, the DF-MP2-F12 electronic energies that utilized the
3C(FIX) ansatz139 were extracted from the CCSD(T)-F12/ha(Q+d)Z single point compu-
tations. Default optimizations were performed using Gaussian0986 with analytic gradients
from PSI4,140 whereas the harmonic vibrational frequencies were carried out with PSI4 using
finite difference of gradients. The CCSD(T)-F12/ha(Q+d)Z single point computations were
performed with the Molpro 2015.1 software package.141
3.3 RESULTS AND DISCUSSION
Figures 3.1 - 3.5 show all of the characterized configurations for (HCl)m(H2O)n where
m ≥ 2, n ≥ 1 and m+n≤6. Configurations are named with a m - n system scheme where m
denotes to number HCl molecules and n denotes the number of H2O molecules. If multiple
configurations are identified with the same amount of HCl and H2O molecules, they are
denoted with letters starting with “A”. Most of the configurations shown in Figure 3.1 have
been previously reported,124,125,127–131 while all the other configurations depicted in Figures
3.1 - 3.5 were either adopted from an investigation the (HF)m(H2O)n system
142 or were
created based on chemical intuition. Tables 3.1 and 3.2 report relative energies computed
at DF-MP2-F12 and CCSD(T)-F12 with the ha(Q+d)Z basis set as well as ZPVE corrected
and Gibbs corrected CCSD(T)-F12 relative energies. The configuration used as a reference
for the relative energies in each m - n system is the lowest ∆∆G298K energy configuration
(second to last column in Tables 3.1 and 3.2). There are three different types of configurations
within the present study including those that do not exhibit proton transfer [(HCl)m(H2O)n,
denoted NPT], solvated ion pair [(HCl)m−1(Cl−)(H3O+)(H2O)n−1, denoted SIP], and double
proton transfer [(HCl)m−2(Cl−)2(H3O+)2(H2O)n−2, denoted DPT].
3.3.1 Tetramers
In the 2-2 tetramer system, five different configurations were identified and shown in
Figure 3.1. The 2-2A configuration is the lowest ∆∆G298K energy configuration and has a
cyclic hydrogen bonded structure with alternating HCl and H2O molecules. This configura-
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tion does not exhibit proton transfer as indicated in the last column of Table 3.1. Two other
closely related configurations are 2-2B and 2-2C, which are both cyclic non-proton transfer
hydrogen bonded structures, with 2-2B having non-alternating HCl and H2O molecules and
2-2C only differing from 2-2A by the positions of the free H2O hydrogens. 2-2B and 2-2C
are +0.05 kcal mol−1 and +0.12 kcal mol−1 higher in energy than the lowest energy 2-2A
configuration, respectively. Additionally, a cyclic hydrogen bonded structure was identified
that exhibits double proton transfer, 2-2E. This configuration is +10.11 kcal mol−1 higher in
energy than the 2-2A lowest energy configuration, while consisting of two H3O
+ cations and
two Cl− anions. The ∆E0, ∆ECCSD(T) and ∆EMP2 intrinsic energetics for the 2-2 configura-
tions are very similar when compared to ∆∆G298K. The 2-2A, 2-2B and 2-2C configurations
are still very close in energy (within 0.12 kcal mol−1 of each other) at all levels of theory.
The only difference occurs in the 2-2E double proton transfer configuration. While still being
relatively high in energy at all listed levels of theory, a significant decrease in the relative en-
ergy is observed across Table 3.1 (+7.33 kcal mol−1 for ∆E0, +5.87 kcal mol−1 for ∆ECCSD(T)
and +3.50 kcal mol−1 for ∆EMP2). This indicates that the double proton transfer configu-
ration is affected more by higher order correlation effects, zero-point vibrational energy and
the inclusion of temperature (Gibbs), when compared to those configurations not exhibiting
proton transfer.
In the 3-1 tetramer system, three different configurations were identified, all of which
do not exhibit proton transfer (Figure 3.1). The 3-1A configuration is the lowest ∆∆G298K
energy configuration and has a non-cyclic hydrogen bonded structure. The 3-1B configu-
ration is +0.10 kcal mol−1 higher in energy and has a cyclic hydrogen bonding structure
that is very similar to those seen in the 2-2 tetramer system. The 3-1C configuration has
a different non-cyclic hydrogen bonded structure than 3-1A and is +0.64 kcal mol−1 higher
in energy. For this system, the ∆E0, ∆E
CCSD(T) and ∆EMP2 intrinsic energetics all agree
with each other, but are very different than the ∆∆G298K results. For these other levels of
theory, the 3-1B cyclic configuration is the lowest energy configuration by approximately 1
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Figure 3.1. Optimized configurations with the 2-2 and 3-1 tetramer systems (m+n=4)
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kcal mol−1 and 3-1C is lower in energy than 3-1A by approximately 0.5 kcal mol−1. The lack
of proton transfer configurations in this system indicates that having more HCl than H2O
some how inhibits proton transfer of this strong acid.
Table 3.1. Relative energies at DF-MP2-F12 (∆EMP2 in kcal mol−1) and CCSD(T)-F12
(∆ECCSD(T) in kcal mol−1) as well as zero-point vibrational corrected (∆E0 in kcal mol−1)
and Gibbs corrected (∆∆G298K in kcal mol
−1) CCSD(T)-F12 relative energies with the
ha(Q+d)Z basis set for the tetramer and pentamer systems.
m n Conf. ∆EMP2 ∆ECCSD(T) ∆E0 ∆∆G298K Type
2 2 A 0.00 0.00 0.00 0.00 NPT
B +0.01 −0.10 −0.06 +0.05 NPT
C +0.12 +0.11 +0.07 +0.12 NPT
D +2.20 +1.97 +1.60 +1.20 NPT
E +3.50 +5.87 +7.33 +10.11 DPT
3 1 A 0.00 0.00 0.00 0.00 NPT
B −1.27 −0.72 −0.68 +0.10 NPT
C −0.52 −0.12 −0.21 +0.64 NPT
2 3 A 0.00 0.00 0.00 0.00 NPT
B +0.16 +0.06 +0.10 +0.13 NPT
C −1.15 −1.30 −0.78 +0.94 NPT
D −1.20 +0.74 +3.40 +6.81 DPT
3 2 A 0.00 0.00 0.00 0.00 NPT
B −0.85 −0.69 −0.53 +0.58 NPT
4 1 A 0.00 0.00 0.00 0.00 NPT
3.3.2 Pentamers
In the 2-3 pentamer system, four different configurations were identified and are de-
picted in Figure 3.2. The 2-3A and 2-3B configurations both have cyclic non-proton transfer
hydrogen bonded structures, where 2-3A separates the HCl molecules in the ring and is
the lowest ∆∆G298K energy configuration. The 2-3B configuration, contains a ClH· · ·ClH
contact and is +0.13 kcal mol−1 higher in energy. Two non-cyclic structures were also iden-
tified, where 2-3C does not exhibit proton transfer and is +0.94 kcal mol−1 higher in energy,
while 2-3D is +6.81 kcal mol−1 higher in energy than 2-3A and has a double proton transfer
structure. Similar to the 2-2 tetramer system, the ∆E0, ∆E
CCSD(T) and ∆EMP2 intrinsic
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energetics for the cyclic non-proton transfer configurations are very similar to the ∆∆G298K
results. For the non-cyclic 2-3C configuration the ∆E0, ∆E
CCSD(T) and ∆EMP2 intrinsic en-
ergetics show that this non-proton transfer configuration is lower in energy than the 2-3A
configuration by approximately 1 kcal mol−1. Again, a significant decrease in the relative
energy is observed across Table 3.1 for the double proton transfer 2-3D configuration (+3.40
kcal mol−1 for ∆E0, +0.74 kcal mol−1 for ∆ECCSD(T) and −1.20 kcal mol−1 for ∆EMP2).
These dramatic differences are more pronounced in this pentamer system when compared
those seen in the 2-2 tetramer system, to the point that the 2-3D configuration is the lowest
∆EMP2 energy configuration. This further indicates that the inclusion of higher order cor-
relation effects, zero-point vibrational energy and temperature (Gibbs) affect configurations
exhibiting double proton transfer more than non-proton transfer structures.
Figure 3.2. Optimized configurations with the 2-3, 3-2 and 4-1 pentamer systems (m+n=5)
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In the 3-2 pentamer system, two different configurations were identified, both of which
do not exhibit proton transfer (Figure 3.2). The 3-2A configuration has a cyclic hydrogen
bonded structure and is the lowest ∆∆G298K energy configuration. The 3-2B configuration
is +0.58 kcal mol−1 higher in energy and has a non-cyclic structure. Similar to the 3-1
tetramer system, the ∆E0, ∆E
CCSD(T) and ∆EMP2 intrinsic energetics all agree with each
other, but are very different then the ∆∆G298K results. At these other levels of theory, the
3-2B configuration is lower in energy than the 3-2A configuration by approximately 0.5 kcal
mol−1. Again, the lack of proton transfer configurations in this system indicates that systems
containing more HCl than H2O are less likely to exhibit proton transfer.
3.3.3 Hexamers
Within the 2-4 hexamer system, the first occurrence of a solvated ion pair (also know
as single proton transfer) configuration is observed and is the lowest ∆∆G298K energy config-
uration, 2-4A (Figure 3.3). This configuration and 2-4B (+0.16 kcal mol−1 higher in energy)
are both structurally similar, with a book-like arrangement and a ClH· · ·Cl− contact. 2-4G
and 2-4H are two other solvated ion pair configurations that were observed in this system,
that do not contain this ClH· · ·Cl− contact and are +1.91 and +2.30 kcal mol−1 higher in
energy than the 2-4A configuration, respectively. Six different non-proton transfer configura-
tions were observed within +3 kcal mol−1 of the 2-4A configuration and have various cyclic,
non-cyclic and book-like structures. Lastly, two double proton transfer configurations were
seen (2-4K and 2-4L), both being approximately +5 kcal mol−1 higher in energy than the
solvated ion pair 2-4A configuration. The ∆E0, ∆E
CCSD(T) and ∆EMP2 intrinsic energetics
for non-proton transfer configurations are different than the ∆∆G298K results for this 2-4
hexamer system. For all six non-proton transfer configurations, a significant increase is seen
across Table 3.2 (up to +3 kcal mol−1 for ∆∆G298K, up to +6 kcal mol−1 for ∆E0, up to
+9 kcal mol−1 for ∆ECCSD(T) and up to +10 kcal mol−1 for ∆EMP2). These increases in
relative energy for non-proton transfer configurations were not seen in either the tetramer
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or pentamer systems. However, the 2-4K and 2-4L double proton transfer configurations
have similar decreasing energetics across Table 3.2 as those seen in the tetramer and pen-
tamer systems (for example +2.12 kcal mol−1 for ∆E0, −0.04 kcal mol−1 for ∆ECCSD(T) and
−0.68 kcal mol−1 for ∆EMP2 in the 2-4K configuration). While the inclusion of higher or-
der correlation effects, zero-point vibrational energy and temperature (Gibbs) affect double
proton transfer configurations similarly to the smaller systems, they are also affecting the
non-proton transfer configurations in this hexamer system.
Similar to the 2-4 system, the 3-3 hexamer system showcases a solvated ion pair as
the lowest ∆∆G298K energy configuration, 3-3A (Figure 3.4). This configuration also has
two ClH· · ·Cl− contacts, indicating that this interaction may be a factor in stabilizing the
proton transfer. Seven other solvated ion pair configurations were also observed in this
system ranging from +1.7 kcal mol−1 to +4.2 kcal mol−1 higher in energy than the 3-3A
configuration, and all having either book-like or non-cyclic structures. Five non-proton
transfer configurations all within +1 kcal mol−1 of the 3-3A configuration and a double
proton transfer configuration (3-3M) being +3.59 kcal mol−1 higher in energy were also
identified. Similar to the 2-4 hexamer system, the ∆E0, ∆E
CCSD(T) and ∆EMP2 intrinsic
energetics for non-proton transfer configurations are different than the ∆∆G298K results.
For these configurations a slight increase is seen across Table 3.2 (within +3.4 kcal mol−1 for
∆E0, within +5.0 kcal mol
−1 for ∆ECCSD(T) and +6.9 kcal mol−1 for ∆EMP2). Additionally,
as seen for all the other double proton transfer configurations in the present study, the 3-3M
configuration has decreasing energetics across Table 3.2 (+2.64 kcal mol−1 for ∆E0, +2.08
kcal mol−1 for ∆ECCSD(T) and +0.97 kcal mol−1 for ∆EMP2). The ∆E0, ∆ECCSD(T) and
∆EMP2 intrinsic energetics are very similar to the ∆∆G298K results for the solvated ion pair
configurations, where all seven configurations are approximately +2 to +5 kcal mol−1 higher
in energy than the 3-3A configuration at all levels of theory. These results indicate that
regardless of system size, the double proton transfer configurations are affected differently
then solvated ion pair and non-proton transfer configurations with the inclusion of higher
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Figure 3.3. Optimized configurations with the 2-4 hexamer system (m+n=6)
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Table 3.2. Relative energies at DF-MP2-F12 (∆EMP2 in kcal mol−1) and CCSD(T)-F12
(∆ECCSD(T) in kcal mol−1) as well as zero-point vibrational corrected (∆E0 in kcal mol−1)
and Gibbs corrected (∆∆G298K in kcal mol
−1) CCSD(T)-F12 relative energies with the
ha(Q+d)Z basis set for the hexamer systems.
m n Conf. ∆EMP2 ∆ECCSD(T) ∆E0 ∆∆G298K Type
2 4 A 0.00 0.00 0.00 0.00 SIP
B −0.87 −0.74 −0.57 +0.16 SIP
C +5.29 +3.96 +2.30 +0.40 NPT
D +7.98 +7.03 +4.40 +0.94 NPT
E +5.24 +4.27 +2.70 +1.34 NPT
F +5.08 +4.06 +2.41 +1.35 NPT
G +1.16 +1.68 +1.45 +1.91 SIP
H +1.82 +2.35 +2.03 +2.30 SIP
I +6.99 +5.78 +3.81 +2.42 NPT
J +9.87 +8.67 +6.12 +2.97 NPT
K −0.68 −0.04 +2.12 +4.67 DPT
L +0.30 +1.09 +2.59 +5.01 DPT
3 3 A 0.00 0.00 0.00 0.00 SIP
B +4.70 +3.21 +1.66 +0.52 NPT
C +6.85 +5.33 +3.35 +0.46 NPT
D +6.22 +4.70 +3.01 +0.68 NPT
E +6.31 +4.94 +3.26 +0.80 NPT
F +5.36 +4.06 +2.43 +0.97 NPT
G +1.89 +2.40 +1.97 +1.71 SIP
H +3.33 +3.25 +2.71 +1.83 SIP
I +1.97 +2.61 +2.31 +2.02 SIP
J +2.43 +2.47 +2.11 +2.18 SIP
K +1.59 +2.33 +1.92 +2.28 SIP
L +4.94 +5.18 +4.36 +3.20 SIP
M +0.97 +2.08 +2.64 +3.59 DPT
N +4.33 +5.25 +4.41 +4.17 SIP
4 2 A 0.00 0.00 0.00 0.00 NPT
B +0.90 +0.98 +0.75 +1.01 NPT
C +0.86 +1.62 +1.23 +1.50 NPT
D −3.23 −1.10 +0.23 +2.66 SIP
E −3.23 −1.10 +0.23 +2.66 SIP
F −0.87 +2.76 +2.29 +4.78 SIP
G −1.30 +1.51 +2.23 +5.59 SIP
5 1 A 0.00 0.00 0.00 0.00 NPT
B −0.39 +0.50 +0.13 +0.49 NPT
C +2.18 +2.48 +1.63 +1.30 NPT
D +0.94 +1.48 +0.73 +1.86 NPT
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order correlation effects, zero-point vibrational energy and temperature (Gibbs).
In the 4-2 hexamer system, seven different configurations were identified and are
shown in Figure 3.5. The lowest ∆∆G298K energy configuration, 4-2A, has a twisted non-
cyclic structure and is non-proton transfer. Two other non-cyclic, non-proton transfer con-
figurations were also identified, 4-2B and 4-2C, being +1.01 and +1.50 kcal mol−1 higher
in energy than the 4-2A configuration, respectively. Four solvated ion pair configurations
were also identified (4-2D - 4-2G) ranging from +2.7 to +5.6 kcal mol−1 higher in energy
than the 4-2A configuration. Despite the similar relative energy changes in the 2-4 and
3-3 hexamer systems, in the 4-2 system the non-proton transfer configurations have similar
relative ∆∆G298K, ∆E0, ∆E
CCSD(T) and ∆EMP2 energies. Additionally, in comparison to the
unchanged relative energetics of the 2-4 and 3-3 solvated ion pair configurations, those in
the 4-2 system have large differences across the various energies in Table 3.2 (for example,
+0.23 kcal mol−1 for ∆E0, −1.10 kcal mol−1 for ∆ECCSD(T) and −3.23 kcal mol−1 for ∆EMP2
in the 4-2D configuration). These changes are so dramatic in the 4-2 system, that all four
solvated ion pair configurations are lower in ∆EMP2 energy than the 4-2A configuration. The
inclusion of higher order correlation effects, zero-point vibrational energy and temperature
(Gibbs) for the non-proton transfer and solvated ion pair configurations within all hexamer
systems, indicate that systems containing more HCl than H2O are affected differently than
systems with less HCl or equal amounts. Furthermore, this system does not contain any
double proton transfer configurations, similar to the 3-1 tetramers and 3-2 pentamers, which
indicates that systems containing more HCl than H2O are also less likely to exhibit double
proton transfer.
The final system investigated is the 5-1 hexamer class, where four non-proton trans-
fer configurations were identified (Figure 3.5). The lowest ∆∆G298K energy configuration is
5-1A, which has a twisted non-cyclic structure, similar to the lowest ∆∆G298K energy con-
figuration of the 4-2 hexamer system. The three other configurations are all non-cyclic and
range from +0.5 to +1.9 kcal mol−1 higher in energy than 5-1A. The ∆E0, ∆ECCSD(T) and
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Figure 3.4. Optimized configurations with the 3-3 hexamer system (m+n=6)
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Figure 3.5. Optimized configurations with the 4-2 and 5-1 hexamer systems (m+n=6)
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∆EMP2 intrinsic energetics for non-proton transfer configurations are similar to the ∆∆G298K
results, indicating that systems with very little H2O are not affected by the inclusion of higher
order correlation effects, zero-point vibrational energy and temperature (Gibbs). Addition-
ally, the lack of solvated ion pair or double proton transfer configurations indicates that
systems containing very little H2O are not likely to exhibit proton transfer.
3.4 CONCLUSION
An ab inito analysis of the intrinsic energetics for proton transfer within concentrated
(HCl)m(H2O)n clusters have been presented in this work. For the tetramer and pentamer
systems, non-proton transfer configurations were the lowest in ∆∆G298K energy. In both the
2-2 tetramer and 2-3 pentamer systems, double proton transfer configurations were observed
that had decreasing ∆∆G298K, ∆E0, ∆E
CCSD(T) and ∆EMP2 energetics, to the point that
the 2-3D configuration was the lowest in ∆EMP2 energy. This energetic trend was not seen
in configurations that do not exhibit proton transfer, indicating that double proton transfer
configurations are affected more by higher order correlation effects, zero-point vibrational
energy and the inclusion of temperature (Gibbs), than non-proton transfer configurations.
Additionally, a lack of proton transfer configurations were seen within systems with more
HCl than H2O (3-1 tetramers and 3-2 pentamers).
Within the hexamer systems, solvated ion pair configurations were identified as
the lowest in ∆∆G298K energy for the 2-4 and 3-3 systems, both of which have favorable
ClH· · ·Cl− interactions. These two systems also showcased numerous solvated ion pair and
double proton transfer configurations, exhibiting various book-like and non-cyclic structures.
Similar to the smaller systems, higher order correlation effects, zero-point vibrational energy
and the inclusion of temperature (Gibbs) affect the non-proton transfer, solvated ion pair
and double proton transfer configurations differently. Where the double proton transfer con-
figurations had decreasing ∆∆G298K, ∆E0, ∆E
CCSD(T) and ∆EMP2 energetics. However, for
these larger systems, the non-proton transfer configurations actually increase across levels
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of theory, while the solvated ion pair configurations stay consistent. These energetic trends
are qualitatively different in the 4-2 system. The non-proton transfer configurations were
the lowest in ∆∆G298K energy and stay consistent across the various levels of theory, while
the solvated ion pair configurations had increasing ∆∆G298K, ∆E0, ∆E
CCSD(T) and ∆EMP2
energetics, to the point that at ∆EMP2, all the solvated ion pair configurations were lower
in energy. Furthermore, systems with more HCl than H2O were less likely to exhibit double
proton transfer, than systems with less HCl or equal amounts. This trend was continued in
the 5-1 hexamer system, where only non-proton transfer configurations were identified.
To conclude, the occurrence of double proton transfer configurations were identified
for systems containing less HCl than H2O or equal amounts, and solvated ion pair configu-
rations were observed in the hexamer systems. As the system size increased, solved ion pair
and double proton transfer configurations generally became more energetically accessible.
Until the point that more HCl was present than H2O, where less solvated ion pair and dou-
ble proton transfer configurations were identified. Moreover, all of the characterized proton
transfer configurations share a common hydrogen bonding topology. Specifically, the proton
donor(s) tend to accept two hydrogen bonds, while the proton acceptor(s) tend to donate
two hydrogen bonds.
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ABSTRACT
Recent advancements in material science exploit non-covalent interactions, such as halogen
bonding (XB) or pi-stacking within solid-state molecular frameworks for application in or-
ganic electronic devices. Herein, we focus on these and other non-covalent interactions and
the effect that furan and thiophene substituents play on the solid-state properties of co-
crystals formed between pentafluoro(iodoethynyl)benzene (F5BAI; XB donor) and a pyri-
dine disubstituted with either furans or thiophenes (PyrFur2 and PyrThio2; XB acceptors).
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Spectroscopic and thermal analyses of 1:1 mixtures provide indirect evidence of XB inter-
actions, whereas X-ray crystallography provides direct evidence that XB and pi-stacking are
present in both co-crystals. Density functional theory (DFT) computations provide insight
into the relative electronic energetics of each pair-wise contact observed in the experimental
F5BAI-PyrFur2 and F5BAI-PyrThio2 co-crystals.
4.1 INTRODUCTION
Crystal engineering and material science studies have recently emerged placing par-
ticular emphasis on the utilization of non-covalent interactions, such as hydrogen bonding
and/or pi-stacking, as a tool to control molecular assembly on the nanoscale level.143–153
Efficient organic optoelectronic devices, such as organic light-emitting diodes (OLEDs) or
organic field-effect transistors (OFETs), often possess large optical and fundamental energy
gaps between their ground and excited state structures.154–163 These molecular properties
have been most extensively investigated in the solid-state, where emphasis is placed on in-
tramolecular and intermolecular charge or electron density transfer, via molecular orbital
overlap. Of particular interest is the incorporation of similar non-covalent interactions in the
design of molecular building blocks suitable for use in organic optoelectronic devices.
The incorporation of halogen bonding as an intermolecular interaction is ever-growing
throughout the literature.32–34 As formally defined by the International Union of Pure and
Applied Chemistry (IUPAC), a halogen bond (XB) is a net attractive interaction between an
electrophilic region associated with a halogen atom in a molecular entity and a nucleophilic
region in another, or the same molecular entity.25 The formation of such an interaction occurs
due to the anisotropic redistribution of electron density upon the formation of a covalent
bond between the halogen atom (X) and a neighboring atom (C−X).26–29 This polarization
can produce a region of depleted electron density that is aligned with the C−X bond (i.e., the
σ-hole).28–30 These areas can have a positive electrostatic potential allowing for the formation
of an attractive and highly directional intermolecular interaction with a nucleophilie whose
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magnitude is on order with a typical hydrogen bond (ca. 5 kcal mol−1).27,35 Here we use the
term “XB” to describe the attractive interaction between the σ-hole of a halogen-containing
molecule (XB donor) and an electron rich region of a neighboring Lewis base (XB acceptor),
typically in the form of the lone pair(s) from a pnicogen or chalcogen atom.25 In addition
to the inherent strength and directionality of these interactions, the XB can be tuned via
modification of (i) the halogen atoms polarizability through its identity (I > Br > Cl  F)
and/or (ii) electron withdrawing ability of the XB donor, which makes the XB a powerful
addition to crystal growth and design.35–37 Perhaps most important is the overarching idea
that the distribution of electron density across the entire XB complex plays a pivotal role
when investigating solid-state molecular assemblies.32,38
Herein, we report the analysis of single crystal structural data for a series of co-
crystals comprised of self-assembling optoelectronic building blocks and an iodoethynyl ben-
zene derivative. Figure 4.1 shows the chemical structure of the three molecules of study.
Initially prepared as oliogomeric moieties for the construction of single crystal organic semi-
conducting devices, the truncated pyridine-based derivatives (PyrFur2 and PyrThio2) were
employed as XB acceptors. The core nitrogen containing heterocycle (Pyr) acts as a syn-
thetically accessible Lewis base capable of donating electrons to the XB complexation. The
furan (Fur) and thiophene (Thio) units represent traditional building blocks used in ma-
terial science.164 Based on semiconducting properties, thiopehene is widely accepted as a
better electron donor while furan has been reported to yield more planar geometries due to
the reduced size of the oxygen atom in comparison to that of the sulfur.165 The effects of
the structural diversity lead to uniquely different chemical and physical properties that are
often varied depending on solid-state arrangement.166,167
The well established XB donor, 1,2,3,4,5-pentafluoro(iodoethynyl)benzene (F5BAI,
i.e. F5C8I) contains a highly polarizable iodine atom with a significant region of positive elec-
trostatic potential on the outermost portion of its surface.30,168 The capacity for XBing at the
iodine atom is enhanced by the sp hybridization of the adjacent carbon (i.e., C-I) as well as an
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Figure 4.1. Select fragment structures from the crystal structures of (a) F5BAI XB donor
and both (b) PyrFur2 and (c) PyrThio2 XB acceptors. Torsional angles within each XB
acceptor are defined as τα = C4-C3-Cα-Yα and τβ = C4-C5-Cβ-Yβ, where Y = O or S.
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inductive effect provided by the fluoro substituents.169 Together the components that make
up the XB acceptor and donor induce self-assembly yielding highly directional XB complexes
which also stack via pi-type interactions. As suggested in the naming scheme, the F5BAI-
PyrFur2 co-crystal contains the PyrFur2 XB acceptor (i.e. NO2C13H9), while F5BAI-
PyrThio2 contains the PyrThio2 XB acceptor (i.e. NS2C13H9). In order to quantify the
planarity for the furan and thiophene substituents within the PyrFur2 and PyrThio2 XB
acceptors, two torsional angles τα and τβ are defined by the atom labels C4-C3-Cα-Yα and
C4-C5-Cβ-Yβ, respectively, in Figure 4.1 where Y is either O or S. Nearest neighbor pair-
wise intermolecular interactions identified in the two co-crystals via X-ray crystallography
are quantified with the application of density functional theory (DFT) computations.
4.2 Methods and Materials
Reagents and solvents were purchased from commercial sources and used without
further purification unless otherwise specified. Infrared (IR) spectra were recorded with an
Agilent Cary 660 ATR-FTIR. A Fisher-Johns melting point apparatus was used to determine
melting points. Additional synthetic details, summary of theoretical calculations, structural
figures, TG/DTZ plots, and X-ray crystallographic tables containing bond distances and
angles can be found in the Supporting Information (SI).
4.2.1 Thermogravimetric Analysis
Measurements were performed on Seiko Instruments TG/DTZ 6200 (platinum pan,
room temperature to 550 ◦C, ramp rate of 20 ◦C min−1 under nitrogen atmosphere) and
analyzed on TG/DTZ Highway Conversion Software.
4.2.2 X-ray Crystallography
Crystal evaluation and data collection were performed on a Bruker Kappa diffrac-
tometer with Mo κα (λ = 0.71073 A˚) radiation. Reflections were indexed by an automated
indexing routine built in the APEXII program suite. The solution and refinement were car-
43
ried out in Olex2 version 1.2 using the program SHELXTL.170,171 Non-hydrogen atoms were
refined with anisotropic thermal parameters while hydrogen atoms were introduced at calcu-
lated positions based on their carrier/parent atoms. Crystal data and structure refinement
parameters for all compounds are given in the SI. The single crystal X-ray structure of the
co-crystal CCDC numbers are [1876245-1876246].
4.2.3 Computational Methods
The global hybrid M06-2X172 density functional was employed in conjunction with a
triple-ζ correlation consistent basis set augmented with diffuse functions on all atoms and a
relativistic pseudopotential on iodine centers (aug-cc-pVTZ-PP)80,81,173,174 in order to com-
pute the electronic interaction energies (Eint) of all nearest neighbor contacts in the experi-
mental crystal structures. This effectively corresponds to a distance threshold for pair-wise
contacts having any atomic centers within 5 A˚ of each other. The M06-2X density functional
was employed in the current study because it has been extensively calibrated and shown to
provide reasonably accurate energies for a wide range of non-covalent interactions,175 includ-
ing halogen bonds.176 The interaction energies were calculated by comparing the electronic
energy of fragment pairs from the crystal structure to the electronic energies of the corre-
sponding isolated fragments (also at their corresponding crystal structure geometries). All
interaction energies were computed with and without the Boys-Bernardi counterpoise pro-
cedure177,178 in order to account for basis set superposition error179,180 following a procedure
for non-covalent clusters with rigid fragments described in detail elsewhere.5 All computa-
tions were performed with the Gaussian09 software package181 using atomic coordinates
obtained from the X-ray crystal structures. The interaction energies, Cartesian coordinates
and figures for all contacts are provided in the SI.
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Figure 4.2. The F5BAI-PyrFur2 co-crystal, a zoomed in picture of the unit cell which
shows the presence of non-covalent interactions as well as the pair-wise contacts with the
largest interaction energies labeled with the corresponding distance (in A˚) and the average
interaction energy (in kcal mol−1).
4.3 RESULTS AND DISCUSSION
4.3.1 Preliminary Investigations and Crystal Growth
XB acceptors and donors were synthesized and co-crystallized according to modified
literature procedures.32 Co-crystals, F5BAI-PyrFur2 and F5BAI-PyrThio2 were prepared
in duplicate at a 1:1 ratio by dissolving each XB acceptor separately in a chlorinated solvent
(dichloromethane or chloroform) and adding it to a borosilicate glass vial containing the XB
donor. The resulting mixtures were ultrasonicated for 10 minutes. The open vial was placed
in a secondary vial containing a more volatile solvent (n-hexane, n-pentane or methanol).
The solvents were paired according to the following combinations: dichloromethane-pentane;
chloroform-methanol; chloroform-hexane. Using vapor diffusion methods, the solvent was al-
lowed to completely evaporate at −10 ◦C over 7 days until the formation of crystals occurred.
Confirmation of co-crystallization was observed through a ≥ 40 ◦C difference in melting point
between the co-crystals and the XB acceptors (Table S1 and Figure S2-S4).182,183 Addition-
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ally, the co-crystals were analyzed using IR spectroscopy (Table S1 and Figure S1), in order
to indirectly confirm successful formation of XB interactions by identifying the C≡C triple
bond peak of the complex compared to that of the XB donor F5BAI.
Further analysis of the thermogravimetric (TGA) data for the co-crystals reveals
dual step decomposition patterns indicating the presence of two complex species (Figure
S3). Similar trends are observed for neat XB acceptors and co-crystals where furan-based
materials have lower decomposition temperatures than those consisting of thiophene. This
is an innate property of the material that has been well documented in the literature.184,185
Notably, the decomposition temperatures for each co-crystal are within 52 - 97 ◦C lower than
those observed for each neat XB acceptor. F5BAI-PyrFur2 and F5BAI-PyrThio2 exhibit
initial decomposition temperatures of 107 ◦C and 111 ◦C, respectively. These results indicate
that the interactions within the neat XB acceptors are presumed to be much stronger than
those within the XB complexes.
4.3.2 Crystal Structure Analyses
Single crystal X-ray data was utilized to elucidate the nature of the XB and other
non-covalent interactions within the resulting co-crystals. A summary of the crystallographic
data is provided in Table 4.1. A 1:1 assembly of F5BAI-PyrFur2 yields co-crystallization
in the triclinic space group P1¯, where the dimers pack antiparallel to each other along the
c-axis (Figure 4.2).
The only configuration of PyrFur2 observed in the co-crystal structure is almost
perfectly planar with magnitudes of τα and τβ (depicted in Figure 4.1) falling near 3
◦, which
indicates both chalcogens have adopted orientations away from the nitrogen atom of the
central pyridine ring as seen throughout Figure 4.2. Full geometry optimizations at the M06-
2X/aug-cc-pVTZ-PP level of theory indicate several different configurations of PyrFur2 have
similar electronic energies (reported in the SI). A Cs configuration with τα = 0
◦ and τβ =
180◦ lies only +0.15 kcal mol−1 above the C2v configuration with τα and τβ = 0◦. The XB
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Table 4.1. Crystallographic information and selected structural features.
Co-Crystal F5BAI-PyrFur2 F5BAI-PyrThio2
Formula C21H9F5INO2 C21H9F5INS2
M (g mol−1) 529.2 561.3
Temperature (K) 200.0 100.0
Space Group P 1¯ P 21/c
a (A˚) 8.698(15) 11.921(3)
b (A˚) 10.499(15) 16.418(4)
c (A˚) 12.215(2) 10.642(2)
α (◦) 86.92 90.00
β (◦) 70.76 104.41
γ (◦) 68.53 90.00
V (A˚3) 977.2 2017.3
Z 2 4
R Factor (%) 3.81 2.34
interaction between the pyridyl nitrogen and iodine atoms is characterized by a nearly linear
N· · · I-C angle of 175◦ and a N· · · I distance (2.74 A˚) that is 34.3% less than the sum of their
van der Waals radii of nitrogen (1.79 A˚) and iodine (2.38 A˚) as seen in Table 4.2.186
Table 4.2. XB distance (X· · ·N in A˚), angles (C-X· · ·N in degrees) and reduction comparison
(%) relative to the sum of nitrogen (1.79 A˚) and iodine (2.38 A˚) van der Waals radii.186
Co-Crystal X· · ·N C-X· · ·N van der Waals Reduction
F5BAI-PyrFur2 2.74 175.1 34.3
F5BAI-PyrThio2 2.70 179.3 35.3
Three other pair-wise contacts are listed on the right side of Figure 4.2, all of which
are pi-stacking interactions. One of the pi-stacking interactions is heterogeneous, meaning it
contains one XB donor molecule and one XB acceptor molecule. This contact has an inter-
molecular distance of 4.18 A˚, which corresponds to the geometric center of the 6-membered
benzene ring in the F5BAI XB donor and the equivalent pyridine center in the PyrFur2
XB acceptor. The other two pi-stacking interactions are homogeneous, containing either two
XB donor molecules or two XB acceptor molecules. The XB donor homogeneous pi-stacking
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Figure 4.3. The F5BAI-PyrThio2 co-crystal, a zoomed in picture of the unit cell which
shows the presence of non-covalent interactions as well as the pair-wise contacts with the
largest interaction energies labeled with the corresponding distance (in A˚) and the average
interaction energy (in kcal mol−1).
interaction has an intermolecular distance of 5.01 A˚, while the XB acceptor homogeneous
pi-stacking interaction has an intermolecular distance of 3.53 A˚ (both of which are distances
between the geometric centers of the 6-membered rings). Seventeen other unique contacts
were also identified in the F5BAI-PyrFur2 co-crystal and are depicted in Figure S5 of the
SI.
Comparatively, the 1:1 assembly of the F5BAI-PyrThio2 co-crystal exhibits a mon-
oclinic structure with the P21/c space group (Figure 4.3). XB donors and acceptors align in
an alternating fashion along the c-axis to form XB dimers, which in turn pack antiparallel
to each other along the a-axis. The F5BAI-PyrThio2 co-crystal exhibits crystallographic
disorder with two fundamentally different configurations of the PyrThio2 XB acceptor. The
crystallographic disorder reveals itself as a 60% partial occupancy for a configuration with the
sulfur atoms of the thiophene rings oriented in opposite directions, one pointing towards and
the other away from the nitrogen atom of the central pyridine ring (e.g., τα ≈ 170◦ and τβ ≈
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25◦, as depicted in Figure 4.1c). The other configuration has 40% partial occupancy in which
both sulfur atoms are pointing towards the nitrogen atom on pyridine (τα and τβ ≈ 165◦).
The 60% occupancy configuration (sulfur atoms oriented in opposite directions) is discussed
in the text, whereas all configurations are fully reported in the SI. As with PyrFur2, full ge-
ometry optimizations of PyrThio2 identify several energetically competitive configurations.
However, the energy differences are even smaller. The two lowest energy configurations are
separated by only +0.05 kcal mol−1 at the M06-2X/aug-cc-pVTZ-PP level of theory (one
configuration with τα and τβ ≈ 27◦ and the other with τα ≈ 154◦ and τβ ≈ 27◦). In light
of the small conformational energy differences computed for both pyridine fragments, the
orientations observed in the crystal structures suggest that local environmental effects in the
solid state likely influence the configurations adopted by the XB acceptors. A more detailed
conformational analysis is underway to better understand these subtle structural differences
between the two systems. Similarly to the F5BAI-PyrFur2 co-crystal, a XB interaction is
observed in the F5BAI-PyrThio2 co-crystal where the N· · · I-C angle is 179◦ and the N· · · I
distance is 2.70 A˚ corresponding to a 35.3% bond shortening relative to the total van der
Waals radii of nitrogen and iodine (Table 4.2).186 The three types of pi-stacking (heteroge-
neous, homogeneous with two XB donors and homogeneous with two XB acceptors) are also
seen in the F5BAI-PyrThio2 co-crystal (right side of Figure 4.3), and have the same type
of intermolecular distances as seen in the F5BAI-PyrFur2 co-crystal (distances between
geometric centers of 6-membered rings).
The heterogeneous pi-stacking has an intermolecular distance of 3.68 A˚, which is 0.5
A˚ less than that of F5BAI-PyrFur2 . The two homogeneous pi-stacking have intermolec-
ular distances that are very similar to those seen in the F5BAI-PyrFur2 co-crystal, with
deviations of −0.04 A˚ for the two XB donor molecules and −0.01 A˚ for the two XB accep-
tor molecules. Sixteen other unique contacts were also identified in the F5BAI-PyrThio2
co-crystal and are depicted in Figure S6 of the SI.
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4.3.3 Theoretical Results
The computational procedures employed here have been calibrated and shown to
reproduce geometries and dissociation energies for a large set of XB dimers.176 These DFT
computations were performed to quantify the relative strength of all nearest neighbor pair-
wise interactions forming the molecular assembly. A total of twenty-one unique nearest
neighbor contacts were identified and characterized in the F5BAI-PyrFur2 co-crystal, along
with twenty for the F5BAI-PyrThio2 co-crystal. The M06-2X interaction energies with and
without the Boys-Bernardi counterpoise procedure as well as the average of both values for
the dominant pair-wise contacts observed in the co-crystals are summarized in Table 4.3.
Table 4.3. Interaction energies with and without the Boys-Bernardi counterpoise procedure
(Eint and E
CP
int in kcal mol
−1) and the average value (Eavgint in kcal mol
−1) at the M06-2X/aug-











XB −7.6 −7.5 −7.6 −7.5 −7.4 −7.4
Donor-Acceptor pi-stack −7.3 −6.3 −6.8 −9.5 −8.3 −8.9
Donor-Donor pi-stack −7.7 −6.6 −7.2 −8.7 −7.5 −8.1
Acceptor Acceptor pi-stack −8.7 −7.9 −8.3 −11.7 −10.9 −11.3
The F5BAI-PyrFur2 co-crystal has a XB interaction of −7.6 kcal mol−1 (Eavgint ) and
three different types of pi-stacking interactions (heterogeneous, homogeneous with two XB
donors and homogeneous with two XB acceptors as previously defined and shown in Figure
4.2) ranging from −6.8 kcal mol−1 to −8.3 kcal mol−1. The heterogeneous pi-stacking has the
smallest average interaction energy of −6.8 kcal mol−1, whereas the homogeneous pi-stacking
types are −7.2 kcal mol−1 and −8.3 kcal mol−1 for the two XB donors and two XB acceptors,
respectively. All of the other interactions within this co-crystal were were less than 2.1 kcal
mol−1 and correspond to various heterogeneous and homogeneous edge-edge and slipped
pi-stacking arrangements. Interaction energies, structures and Cartesian coordinates for all
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twenty-one pair-wise contacts of the F5BAI-PyrFur2 co-crystal are reported in Figure S5,
Table S2, and Tables S24-S44 within the SI.
The F5BAI-PyrThio2 co-crystal has a XB interaction of −7.4 kcal mol−1, which
is nearly isoenergetic with that of the F5BAI-PyrFur2 co-crystal (within 0.2 kcal mol
−1).
This co-crystal also exhibits the same three types of pi-stacking (heterogeneous, homogeneous
with two XB donors and homogeneous with two XB acceptors) ranging from −8.1 kcal mol−1
to −11.3 kcal mol−1. Similar to the F5BAI-PyrFur2 co-crystal, the pi-stacking interactions
identified in the F5BAI-PyrThio2 co-crystal are larger than the corresponding XB inter-
action, however in this case, the energetic difference exceeds 3.5 kcal mol−1. Moreover, the
homogeneous pi-stacking interaction between two XB acceptors is significantly larger than
that of the F5BAI-PyrFur2 co-crystal (−8.3 kcal mol−1 vs. −11.3 kcal mol−1). This is
most likely due to the fact that sulfur is far more polarizable than oxygen. All of the other
interactions within this co-crystal were less than 2.1 kcal mol−1 and correspond to various
heterogeneous and homogeneous edge-edge, slipped pi-stacking and herringbone arrange-
ments. Interaction energies, structures and Cartesian coordinates for all twenty pair-wise
contacts of the F5BAI-PyrThio2 co-crystal are reported in Figures S6-S9, Tables S3-S6
and Tables S45-S124 within the SI, for all the configurations of PyrThio2.
Additionally, the effects of the assigned hydrogen atom positions in the crystal struc-
tures on the computed interaction energies have been examined by a series of constrained
geometry optimizations. For all 41 fragment pairs discussed in this section, the positions of
the hydrogen atoms were optimized at the M06-2X/aug-cc-pVDZ-PP level of theory while
fixing the coordinates of all other atoms. This procedure introduced only small changes to
the interaction energies (all of which can be found in the SI). For the pair-wise interactions
in the F5BAI-PyrFur2 co-crystal, the absolute change to E
avg
int was less than 0.1 kcal mol
−1
on average. The maximum absolute deviation for the 21 F5BAI-PyrFur2 pairs is 0.41 kcal
mol−1 (corresponding to a relative absolute difference of 4% in a strongly interacting pair),
and the maximum relative absolute deviation is 19% (corresponding to an absolute differ-
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ent of 0.04 kcal mol−1 in a weakly interacting pair). The effect of optimizing the hydrogen
atom positions is even smaller in the 20 F5BAI-PyrThio2 pairs that have been examined.
The maximum absolute change to Eavgint was only 0.23 kcal mol
−1 which also corresponds
to the largest relative absolute difference (15%) observed in these systems. These results
suggest that refining the hydrogen atom positions would have only a minor effect on the
M06-2X/aug-cc-pVTZ-PP interaction energies reported in Table 4.3 and the SI.
4.4 CONCLUSION
In summary, the present study describes the preparation and characterization of two
co-crystals resulting from the self-assembly of an excellent XB donor F5BAI with one of
two closely related optoelectronic building blocks that can act as an XB acceptor (PyrFur2
or PyrThio2). Spectroscopic and thermal analyses indirectly indicate the presence of XB
interactions in both the F5BAI-PyrFur2 and F5BAI-PyrThio2 co-crystals. X-ray crys-
tallography provides direct evidence of the XB and pi-type contacts, while theoretical char-
acterization revels that the XB and pi-stacking have the largest interaction energies.
Even though both XB acceptors contain the same basic structure resulting in very
similar interactions, the conformations adopted by the furan and thiophene substituents are
quite different in the co-crystals. The PyrFur2 XB acceptor only adopts a single, nearly
planar configuration (τα and τβ ≈ 3◦) with the oxygen atoms of both furan substituents
pointing away from the nitrogen atom of the central pyridine ring as depicted in Figure 4.1b.
In contrast, the F5BAI-PyrThio2 co-crystal exhibits crystallographic disorder with two
different configurations of the XB acceptor. In the somewhat more prevalent configuration
of the PyrThio2 fragment (60% occupancy) the sulfur atoms of the thiophene rings are
essentially oriented in opposite directions with one pointing towards and the other away
from the nitrogen atom of the pyridine (e.g., τα ≈ 170◦ and τβ ≈ 25◦). In the less common
configuration (40% occupancy), both sulfur atoms are directed towards the nitrogen atom
of pyridine (τα and τβ ≈ 165◦). Additionally, the PyrThio2 XB acceptor is far less planar
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in its co-crystal than PyrFur2 as indicated by the chalcogen torsional angles (τα and τβ). A
detailed conformational analysis is currently underway in order to better understand these
conformational preferences.
Both systems have nearly identical interaction energies associated with the XB pair-
wise contacts (Eavgint = −7.5 ± 0.1 kcal mol−1). In both systems, the only other sizeable
interactions are the hetero- and homogeneous pi-type stacking interactions between the XB
donor and XB acceptor units. In F5BAI-PyrFur2 co-crystal, these pair-wise stacking in-
teractions are quite similar in magnitude to the XB contact (Eavgint ranging from −6.8 to −8.3
kcal mol−1), whereas they are noticeably larger in the F5BAI-PyrThio2 co-crystal (E
avg
int
ranging from −8.1 to −11.3 kcal mol−1), likely due to the enhanced polarizability of the
sulfur atoms in thiophene compared to the oxygen atoms in furan. All of the other pair-wise
interaction energies analyzed had appreciably smaller magnitudes (Eavgint typically less than
−1.0 kcal mol−1 and never exceeding −2.1 kcal mol−1).
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CHAPTER 5
INVESTIGATION OF VIBRATIONAL SIGNATURES FOR NITROBENZENES AND
1,1-DIAMINO-2,2-DINITROETHYLENE ENHANCED BY ARGYROPHILIC
INTERACTIONS
The manuscript for this work is being prepared for submission in May 2019. The authors
for this work will include myself, Hailey B. Reed, Thomas L. Ellington and Dr. Gregory S.
Tschumper.
Preface regarding contributions from researchers other than Sarah N. Johnson:
Hailey B. Reed was responsible for the M06-2X computations, data analysis and prilimiary
literature searching. Additional computations were performed by Thomas L. Ellington.
ABSTRACT
This investigation studies the interactions between various molecules associated with high
energy density materials (HEDMs) and a pair of silver atoms (Ag2). Full geometry op-
timizations of isolated 1,1-diamino-2,2-dinitroethylene (FOX-7), 1-nitrobenzene (NB), 1,3-
dinitrobenzene (DNB) and 1,3,5-trinitrobenzene (TNB) as well as complexes where Ag2 is
bound to various argyophillic sites of these compounds have been carried out along with
the corresponding harmonic vibrational frequency computations using the M06-2X density
functional with a correlation consistent triple-ζ basis set augmented with diffuse functions
on all atoms and a relativistic pseudopotential for Ag atoms (i.e., aug-cc-pVTZ for H, C,
N, O and aug-cc-pVTZ-PP for Ag; denoted aVTZ). The spectroscopic signatures of these
interactions are examined by tracking the changes in the vibrational frequencies, infrared
(IR) intensities and Raman activities induced by the Ag2 unit as the complex forms. This
54
information can be used to help discriminate between the different binding sites and may
lead to better interpretation of surface-enhanced Raman spectroscopy (SERS) experiments
on HEDMs at the molecular level.
5.1 INTRODUCTION
High energy density materials (HEDMs) store large amounts of energy within com-
pact chemical structures and are commonly used as explosives and propellants.187 An ex-
plosive compound, when subjected to an outside force, such as heat, friction, electrical or
mechanical shock, undergoes a rapid decomposition process releasing its stored energy as
heat and producing a large amount of gas molecules.53,188 Explosives can be classified based
on their relative stability. Primary explosives are kinetically unstable and are usually uti-
lized to trigger the decomposition of a more stable secondary explosive.189 Upon detonation
secondary explosives can undergo a high-order (i.e., complete) or low-order (i.e., incomplete)
detonation. These incomplete detonations can contaminate the surrounding environment,
specifically the soil.190 Explosives, especially nitroaromatic compounds can be toxic and per-
sistent environmental pollutants.191 Within the United States hundreds of sites are thought
to be contaminated with explosives and their harmful by-products.192 Remediation efforts
at these sites will require methods that can reliably detect remnants of explosive materials
in soil, even if only trace amounts are present.193–199 The trace detection of such compounds
would also be of interest for other applications200–208.
One technique used to detect explosive compounds is vibrational spectroscopy, which
is a powerful analytical tool that provides molecular fingerprints via their vibrational spec-
tra.45 It has been shown that infrared (IR) and Raman spectroscopy can be used to accu-
rately identify explosive compounds at relatively high concentrations.189,209–212 However, a
significant disadvantage of Raman spectroscopy is that it is not sensitive enough to detect
trace amounts of these materials because it relies on relatively infrequent Raman scattering
events.213 Surface-enhanced Raman spectroscopy (SERS) can be utilized to improve the as-
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sociated limits of detection (LOD). This effect was first observed in 1974, when experiments
revealed that the Raman scatting activity of pyridine significantly increased when adsorbed
to a silver electrode.39,40 This enhancement can also be obtained with specially prepared
metal surfaces or metallic nanoparticles. With this technique, Raman scattering on average
increases on the order of 104 - 108, but enhancements of 1014 - 1015 have been observed.53,214
With this level of enhancement it is possible to detect a single molecule of a substance.215
The LOD for HEDMs and related compounds have been shown to significantly improve by
utilizing SERS.53,54 However, the details of the interaction between specific HEDMs and a
metal substrate have not been fully characterized.
HEDM’s are large complex materials that utilize a variety of molecules, including
both insensitive munition compounds and highly explosive molecules.216 For the purposes
of this study, the HEDM acronym will denote the four explosive molecules depicted in
Figure 5.1, including 1,1-diamino-2,2-dinitroethylene (FOX-7), 1-nitrobenzene (NB), 1,3-
dinitrobenzene (DNB) and 1,3,5-trinitrobenzene (TNB). Unlike pyridine, multiple adsorption
sites are available in these molecules, adding complexity to the interpretation of the SERS
experiments. The present study provides molecular level insight into this phenomenon by
employing density functional theory to investigate the various binding sites and the strength
of the interactions between these molecules and a pair of silver atoms (Ag2) like those depicted
in Figure 5.2. Additionally, the resulting perturbations to the IR and Raman spectra are
examined in order to ascertain the vibrational signature associated with the various binding
sites for each complex. Even though the number of silver atoms can affect the adsorption
and Raman properties, the enhancement and intermolecular distance are similar for small
and large Ag clusters.44,50,217–219 Furthermore, the Ag2 model has been previously shown to
capture the key trends in the energetics and spectral analyses for similar systems.44,217
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Figure 5.1. Structures of isolated FOX-7, NB, DNB and TNB molecules.
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Figure 5.2. Structures of each FOX-7, NB, DNB and TNB complex with Ag2 at varying
binding sites.
5.2 COMPUTATIONAL DETAILS
The geometries of each complex and the related isolated molecules (FOX-7, NB, DNB,
TNB, and Ag2) were fully optimized using the global hybrid M06-2X density functional with
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a correlation consistent triple-ζ basis set augmented with diffuse functions on all atoms and a
relativistic pseudopotential on Ag centers (aug-cc-pVTZ for H, C, N, O and aug-cc-pVTZ-PP
for Ag; denoted aVTZ).172,220–223 Harmonic vibrational frequencies were computed for each
optimized structure along with the corresponding IR intensities and Raman scattering activ-
ities (RA) in order to ensure that each stationary point corresponds to a minimum (ni=0) on
the M06-2X/aVTZ potential energy surface, and to investigate the spectral changes induced
by complexation. This method and basis set were chosen based on previous work demon-
strating good agreement between the experimentally observed frequency shifts induced by a
SERS substrate and those predicted from M06-2X/aVTZ computations.217
In order to quantify the strength of the interactions at the various binding sites,
the electronic energies of the optimized minima were used to calculate binding energies
(Ebind), defined as the energy of a particular complex relative to the isolated fragments
(Ebind= Ecomplex − EHEDM − EAg2). The relative energies (∆E) of the various configura-
tions for each complex are also reported. Analytic gradients and Hessians available in the
Gaussian09 software package were used to perform all computations.86 All electronic en-
ergies were converged to at least 1.0 × 10−10 Eh, and the maximum Cartesian forces in
the optimized structure were no more than 1.2 × 10−5 Eh a.u.−1. Instead of the Cartesian
functions (6d, 10f , etc), pure angular momentum (5d, 7f , etc) atomic orbital basis functions
along with a pruned numerical integration grid having 99 radial shells and 590 angular points
per shell were used for all computations.
5.3 RESULTS AND DISCUSSION
5.3.1 STRUCTURES AND ENERGETICS
A variety of interactions could be present between the Ag2 and electron rich regions
of the four molecules selected for this study (i.e, pi, N and O). However, all initial structures
collapsed during the geometry optimization procedure to the configurations depicted in Fig-
ure 5.2, all of which exhibit either nitrogen or oxygen contacts with the Ag2 unit. These
59
binding motifs mimic those observed for the interactions between Ag2 and nucleobases.
44 All
optimized Cartesian coordinates for the isolated molecules and the complexes are reported
in the SI. Intermolecular distances, defined as the shortest distance between one (or both)
of the Ag atom(s) and the oxygen/nitrogen atom(s), were identified and are denoted by the
dashed line(s) in Figure 5.2 for each configuration.
The four molecules (FOX-7, NB, DNB, and TNB) shown in Figure 5.1, display simple
backbone structures (ethylene for FOX-7 and benzene for NB, DNB and TNB) with nitrogen
containing functional groups (nitro groups for all molecules along with an amino group for
FOX-7). FOX-7 has C2 symmetry where the hydrogens on the amine groups and oxygens
on the nitro groups pucker out of the plane of the four nitrogens. All three nitrobenzenes
are planar, where both NB and DNB have C2v symmetry and TNB has D3h symmetry.
When the Ag2 unit binds to any of the four molecules, the symmetries of the resulting
complexes shown in Figure 5.2 are significantly lower (C1 or Cs as denoted in Figure 5.2)
Table 5.1 compares electronic binding energies (Ebind), relative electronic energies (∆E) and
intermolecular distances (R) for the thirteen fully optimized minima that have been identified
(Figure 5.2).
FOX-7: For the FOX-7/Ag2 complex (the top row of Figure 5.2) three different
binding sites were identified, two interacting with a nitro group and the other with an amine
group. The Nitro Edge configuration has the Ag2 unit essentially in the same plane as the
nitro group to which it binds and exhibits the strongest binding (Ebind= −8.31 kcal mol−1).
The Nitro Face site has the Ag2 unit angled above the plane of the four nitrogen atoms and
has electronic and binding energies that are comparable to the Nitro Edge configuration (0.41
kcal mol−1 higher and weaker, respectively). The Nitro Edge configuration has a somewhat
larger intermolecular Ag· · ·O distance of 2.59 A˚ when compared to that of the Nitro Face
configuration for which the Ag· · ·O distance is 2.52 A˚. Lastly, the Amine configuration has
the Ag2 unit angled above the plane of the four nitrogen atoms, which exhibits appreciably
weaker binding (by almost 3 kcal mol−1) and has a large Ag· · ·N intermolecular distance of
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Table 5.1. Electronic binding energies (Ebind in kcal mol
−1) and relative energies (∆E in kcal
mol−1) of the complexes with varying binding sites computed at the M06-2X/aVTZ level of
theory as well as intermolecular distances (R in A˚) denoted by the dashed lines in Figure
5.2.
Molecule Configuration Ebind ∆E R
FOX-7 Nitro Edge −8.31 0.00 2.59
Nitro Face −7.89 +0.41 2.52
Amine −5.36 +2.95 2.62
NB Nitro Edge −7.64 0.00 2.55
Nitro Face −7.00 +0.63 2.50
Nitro Double −5.27 +2.37 2.73
DNB Bridge −6.80 0.00 2.81
Nitro Edge −6.43 +0.37 2.56
Nitro Face −6.34 +0.46 2.53
Nitro Double −5.84 +0.96 2.61
TNB Bridge −7.24 0.00 2.80
Nitro Double −7.12 +0.12 2.45
Nitro Edge −5.72 +1.52 2.56
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2.62 A˚.
NB: Three different configurations were identified in the NB/Ag2 complex (second
row of Figure 5.2). The Ag2 fragment interacts with the nitro group in all three configura-
tions. Similar to that of the FOX-7/Ag2 complex, the Nitro Edge configuration exhibits the
strongest binding (Ebind = −7.64 kcal mol−1) and the Nitro Face configuration has a slightly
higher electronic energy (∆E = +0.63 kcal mol−1), with a corresponding weaker binding
energy. The Nitro Double configuration has both Ag atoms interacting with the oxygen
atoms of the nitro group, above the plane of the molecule. This configuration is +2.37 kcal
mol−1 higher in energy than Nitro Edge, corresponding to the weakest binding energy and
has a larger intermolecular distance of 2.73 A˚ for both Ag· · ·O distances.
DNB: The same three binding motifs in the NB/Ag2 complex are also observed
in the DNB/Ag2 complex (Nitro Edge, Nitro Face and Nitro Double), along with a new
Bridge configuration (shown in the third row of Figure 5.2). The Bridge configuration is
similar to Nitro Double, except that the Ag atoms are interacting with oxygen atoms on
different nitro groups rather than the same nitro group. This new Bridge configuration has
the strongest binding of the DNB/Ag2 configurations (Ebind = −6.80 kcal mol−1) and the
largest intermolecular distance of 2.81 A˚ for both Ag· · ·O distances. The electronic energy
of the Nitro Edge and Nitro Face configurations are within 0.5 kcal mol−1 of the Bridge,
whereas the Nitro Double configuration is nearly 1 kcal mol−1 higher. The Nitro Face, Nitro
Edge and Nitro Double configurations have intermolecular Ag· · ·O distances that range from
2.53 A˚ to 2.61 A˚, respectively.
TNB: Three different binding sites were identified for the TNB/Ag2 complex (bottom
row of Figure 5.2), with the Bridge configuration again having the strongest binding of
−7.24 kcal mol−1 and an intermolecular distance of 2.80 A˚ for both Ag· · ·O distances. A
qualitative change occurs for the TNB/Ag2 complex with the Nitro Double configuration.
For the NB/Ag2 and DNB/Ag2 complexes, the Nitro Double configuration consistently has
the highest electronic energy and, therefore, the weakest binding energy. However, within the
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TNB/Ag2 complex the Nitro Double configuration is essentially isoenergetic with the Bridge
configuration (∆E = +0.12 kcal mol−1). The Nitro Double configuration of TNB/Ag2,
also has a considerably smaller intermolecular Ag· · ·O distance of 2.45 A˚ than those for
NB/Ag2 and DNB/Ag2 complexes (2.73 A˚ and 2.61 A˚, respectively). Finally, the Nitro
Edge configuration in the TNB/Ag2 complex is +1.52 kcal mol
−1 higher in energy than to
the Bridge configuration and has an intermolecular Ag· · ·O distance of 2.56 A˚.
5.3.2 VIBRATIONAL SIGNATURES
The binding of Ag2 affects the frequency, IR intensities and Raman scattering activity
of certain vibrational modes of these molecules, while the magnitude and direction of these
changes depend on the location of Ag2. Thus, the examination of vibrational signatures
such as key changes in the harmonic frequency, IR intensity and Raman scattering activity
could provide further insight into the interaction between these compounds and Ag2. Tables
5.2 - 5.5 show select vibrational frequencies (ω), Raman scattering activities (RA), and the
corresponding changes (∆ω and ∆RA, respectively) associated with each configuration for
the different complexes shown in Figure 5.2. The subsets of data in Tables 5.2 - 5.5 has been
selected to highlight the largest changes in vibrational frequencies and Raman activities that
occur when Ag2 binds to these molecules. Additionally, all the frequencies shown in Tables
5.2 - 5.5 are highly coupled and the dominant character is denoted in the last column. All
frequencies, Raman activities and IR intensities are reported in the SI for all configurations
of each complex as well as the isolated molecules.
FOX-7: Each of the six modes listed in Table 5.2 for the FOX-7/Ag2 complex exhibit
appreciable changes in the vibrational frequency (∆ω) and/or Raman scattering activity
(∆RA) for at least one of the Ag2 binding motifs. For example, the largest Raman activity
enhancement of any mode in the FOX-7/Ag2 complex is exhibited by the CN stretch near
1400 cm−1 associated with the NO2 groups. When the Ag2 binds to either the Nitro Edge
or Nitro Face sites there is a slight increase in harmonic frequency (by +5 cm−1 and +7
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cm−1, respectively) and a significant enhancement to the Raman activity (+677 A˚4 amu−1
and +189 A˚4 amu−1, respectively compared to 98 A˚4 amu−1 for the isolated FOX-7). The
HNH in-plane bending mode at 1487 cm−1 decreases in frequency by −14 cm−1 when the
Ag2 binds at the Nitro Face site with little change to the Raman activity (−4 A˚4 amu−1),
but when the Ag2 binds at the Nitro Edge site it induces a small −4 cm−1 frequency shift
and a large +167 A˚4 amu−1 Raman enhancement (relative to the 13 A˚4 amu−1 associated
with the isolated FOX-7). The NH symmetric stretch at 3525 cm−1 has an enhanced Raman
activity of +126 A˚4 amu−1 (compared to the isolated FOX-7 Raman activity of 2 A˚4 amu−1)
and a −56 cm−1 decrease in frequency when Ag2 binds to the Amine site. However, there is
little to no change in the frequency or Raman activity when Ag2 binds to either the Nitro
Edge or Nitro Face sites.
Table 5.2. Select harmonic vibrational frequencies (ω in cm−1) and Raman scattering ac-
tivities (RA in A˚4 amu−1) for isolated FOX-7 as well as the corresponding changes upon
complexation (∆ω and ∆RA, respectively) for various binding sites of the FOX-7/Ag2 com-
plex at the M06-2X/aVTZ level of theory.
FOX-7 Nitro Edge Nitro Face Amine
ω RA ∆ω ∆RA ∆ω ∆RA ∆ω ∆RA Character
1336 77 −3 +746 −6 +30 +15 +28 s(CN)
1400 93 +5 +677 +7 +189 +6 −2 s(CN)
1487 13 −4 +167 −14 −4 −7 +20 b(HNH)
1560 16 −4 +330 −10 +101 +8 +14 s(CC)
3525 2 +5 +5 −10 +33 −56 +126 s(NH)
3538 156 +6 +18 +21 −26 −7 −15 s(NH)
NB: Table 5.3 reports the vibrational signatures for the NB/Ag2 complex. The
CN stretching mode at 1662 cm−1 associated with the nitro group is coupled with the CC
stretches of the ring. When Ag2 binds to NB there is little to no harmonic frequency shift
for this mode regardless of the binding site, but significant Raman activity enhancements
occur when Ag2 binds to the Nitro Edge or Nitro Double sites (+105 A˚
4 amu−1 and +327
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A˚4 amu−1, respectively compared to 51 A˚4 amu−1 for the isolated NB). NB has another CN
stretching mode at 1460 cm−1 that is not coupled with any ring motions, which experiences
sizable decreases in frequency and significant enhancements in the Raman activity when Ag2
binds to any of the three sites shown in Figure 5.2. A significant frequency shift of −92
cm−1 with a Raman enhancement of +6, 679 A˚4 amu−1 are observed for the Nitro Double
configuration (when compared to the 111 A˚4 amu−1 activity for isolated NB).
Table 5.3. Select harmonic vibrational frequencies (ω in cm−1) and Raman scattering activ-
ities (RA in A˚4 amu−1) for isolated NB as well as the corresponding changes upon complex-
ation (∆ω and ∆RA, respectively) for various binding sites of the NB/Ag2 complex at the
M06-2X/aVTZ level of theory.
NB Nitro Edge Nitro Face Nitro Double
ω RA ∆ω ∆RA ∆ω ∆RA ∆ω ∆RA Character
736 0 +4 +3 +2 +144 −14 +196 w(CH)
837 1 0 +4 0 +36 −17 +111 w(CH)
871 0 +2 0 −1 +58 −2 0 w(CH)
892 13 +9 −2 −2 +54 −8 −6 Ring
1460 111 −9 +724 −31 +2854 −92 +6679 s(CN)
1662 51 −2 +105 −2 +1 −1 +327 s(CN)
DNB: Table 5.4 reports the vibrational signatures for the DNB/Ag2 complex. Similar
to the CN stretching modes of the NB/Ag2 complex, the mode at 1458 cm
−1 in the DNB/Ag2
complex shows sizeable deceases in harmonic frequency regardless of the binding site as well
as dramatic enhancements to the Raman activity (compared to that of the isolated DNB at
18 A˚4 amu−1). The largest enhancement is three order of magnitude within the Nitro Edge
configuration (+45, 652 A˚4 amu−1). A CH wagging mode of the single hydrogen between
the two nitro groups is predicted at 971 cm−1. When Ag2 binds to the Bridge site a −26
cm−1 frequency decrease and a significant enhancement in the Raman activity (+210 A˚4
amu−1) occur (compared to isolated DNB, which is not Raman active). Only minor changes
are observed for this mode at any other binding site. Another CH wagging mode at 987
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cm−1 (three other hydrogens) showcases minimal change in the frequency and substantial
enhancements to the Raman activity when the Ag2 binds to the Nitro Edge or Nitro Face
sites (+48 A˚4 amu−1 and +196 A˚4 amu−1, respectively compared to isolated DNB, which is
not Raman active).
Table 5.4. Select harmonic vibrational frequencies (ω in cm−1) and Raman scattering ac-
tivities (RA in A˚4 amu−1) for isolated DNB as well as the corresponding changes upon
complexation (∆ω and ∆RA, respectively) for various binding sites of the DNB/Ag2 com-
plex at the M06-2X/aVTZ level of theory.
DNB Bridge Nitro Edge Nitro Face Nitro Double
ω RA ∆ω ∆RA ∆ω ∆RA ∆ω ∆RA ∆ω ∆RA Character
971 0 −26 +210 −4 +52 +2 +1 −7 +25 w(CH)
987 0 +4 +2 +2 +48 −3 +196 −8 +7 w(CH)
1094 0 +12 +14 +4 +411 +5 +46 +10 +145 w(CH)
1458 18 −32 +1471 −30 +45652 −31 +4870 −140 +6993 s(CN)
1466 147 −36 +3179 −3 +1577 −5 +578 −4 −50 s(CN)
1661 49 −15 −44 −1 +1133 −3 +27 −3 +459 s(NO)
TNB: The vibrational signatures for the TNB/Ag2 complex are summarized in Table
5.5. The symmetric CN stretching mode at 1470 cm−1 showcases similar changes to those
from the NB/Ag2 and DNB/Ag2 complexes. A decrease in harmonic frequency and increase
in Raman activity are observed for all binding sites. When Ag2 binds to the Nitro Double site
a significant −189 cm−1 decrease in frequency and +3, 357 A˚4 amu−1 Raman enhancement
are observed (compared to the 168 A˚4 amu−1 activity for the isolated TNB) Another CN
stretching mode at 1458 cm−1 features the motion of only two nitro groups. When Ag2
binds to the Nitro Double site, no change in the frequency or Raman activity occur because
the bound nitro group is not apart of the molecular vibration. However, when the Ag2
binds to either the Bridge or Nitro Edge sites a decrease in frequency (−36 cm−1 and −53
cm−1, respectively) occurs along with significant enhancements in Raman activity (+1825
A˚4 amu−1 and +88, 530 A˚4 amu−1, respectively compared to the 13 A˚4 amu−1 activity of
66
the isolated TNB). Additionally, when Ag2 binds to either the Bridge or Nitro Double sites,
the CH wagging mode of all three hydrogens (988 cm−1) exhibits a significant decrease in
frequency (−50 cm−1 and −30 cm−1, respectively) and increases in the Raman activity (+727
A˚4 amu−1 and +95 A˚4 amu−1, respectively when compared to isolated TNB, which is not
Raman active).
Table 5.5. Select harmonic vibrational frequencies (ω in cm−1) and Raman scattering activ-
ities (RA in A˚4 amu−1) for isolated TNB as well as the corresponding changes upon com-
plexation (∆ω and ∆RA, respectively) for various binding sites of the TNB/Ag2 complex at
the M06-2X/aVTZ level of theory.
TNB Bridge Nitro Double Nitro Edge
ω RA ∆ω ∆RA ∆ω ∆RA ∆ω ∆RA Character
870 12 −5 +18 −14 +11 0 +460 Ring
961 4 +3 0 0 −1 +5 +998 Ring
988 0 −50 +727 −30 +95 −2 0 w(CH)
1457 13 −32 +3725 +8 +175 0 +42 s(CN)
1458 13 −36 +1825 −1 0 −53 +88530 s(CN)
1470 168 −15 +1704 −189 +3357 −5 +2859 s(CN)
5.4 CONCLUSIONS
DFT analysis of the intermolecular interaction between FOX-7, NB, DNB and TNB
with a pair of silver atoms have been reported in this work. All geometry optimizations
of a wide range of initial structures collapsed to those seen in Figure 5.2, where the Ag2
substrate interacts with the nitrogen atom of NH2 or the oxygen atom of NO2. The largest
intermolecular distances (R) of 2.8 A˚ occurred in the Bridge configurations, which were only
present in the DNB/Ag2 and TNB/Ag2 complexes. While all of the other configurations had
intermolecular distances that ranged from 2.45 to 2.73 A˚. The electronic binding energies of
these complexes ranged from −5.27 kcal mol−1 to −8.31 kcal mol−1. Always one or two other
configurations were within 0.6 kcal mol−1 of the lowest energy structure for each complex (∆E
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in Table 5.1), indicating that multiple binding motifs could be present in a SERS experiment.
The binding of Ag2 to cytosine, adenine and guanine at NH2 sites were approximately −7.8
kcal mol−1 and to thymine and uracil at carbonyl oxygen sites were between −9 and −10 kcal
mol−1.44 These sites were far weaker than those bound to nitrogens within the nucleobase
rings (between −14 and −17 kcal mol−1) The NH2 and carbonyl oxygen binding sites are
comparable in binding energy to those seen in FOX-7, NB, DNB and TNB.
Perturbations to the Raman spectra of FOX-7, NB, DNB and TNB from Ag2 binding
were also examined, where certain vibrational modes shifted to higher energy by up to +21
cm−1 in a NH stretching mode, while others shifted to lower energy by as much as −189 cm−1
in a CN stretching mode. Raman scattering activities of many modes also exhibited signif-
icantly enhancements in certain configurations, to the point that massive enhancements of
+45, 652 A˚4 amu−1 and +88, 530 A˚4 amu−1 occurred within the CN stretching modes for the
Nitro Edge configuration within the DNB/Ag2 and TNB/Ag2 complexes. Additional factors
can also influence the enhancement and shifts of the Raman peaks in SERS experiments,
including the shape of the substrate/nanoparticle, the dielectric constant of the material,
anharmonicity and the environmental medium (solvent and other solute particles). These
effects complicate any direct comparison between computational and experimental spectra.
In order to confirm these M06-2X/aVTZ results, computations are currently being
performed with the M06-2X, ωB97XD, B3LYP and B3LYP-D3 density functionals with the
aVTZ and def2-TZVPD basis sets. Preliminary findings show that when the def2-TZVPD
basis set was utilized the frequency shifts and Raman enhancements quantitatively agree with
the aVTZ basis set. When the ωB97XD density functional is used the frequency shifts were
qualitatively similar, but the Raman enhancements were significantly less pronounced than
those predicted with the M06-2X density functional.
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Computational modeling is a powerful tool that is becoming more popular in the
scientific community. By using all of the various techniques and approximations discussed in
the present work, computational chemistry can accurately describe the physics of atoms and
molecules in a broad range of chemical systems. Inherently weak, non-covalent interactions
govern the structures, energetics and associated physiochemical properties for many processes
in all areas of chemistry. The four projects discussed in this work showcase interesting
systems with non-covalent interactions that make contributions to the scientific community
and have the potential for future investigations.
The investigation of the simple HF/HCl dimer is a classic example of performing
incredibly accurate computations to obtain the structures, energetics and anharmonic vibra-
tional frequencies for a very small system. These sophisticated ab initio computations were
able to determine that both the ClH· · ·FH and FH· · ·ClH configurations were isoenergetic
and should both be present in low temperature experiments. Additionally, providing accu-
rate anharmonic vibrational frequencies and infrared intensities could help future analysis of
low temperature experimental investigations that include these two configurations.
Characterizing clusters of a strong acid and water ((HCl)m(H2O)n) allows a bet-
ter understanding of the structural motifs that will most likely promote proton transfer.
Throughout the vast literature of the (HCl)m(H2O)n system, very few studies investigated
the effect that more HCl molecules could have on the structures and energetics associated
with proton transfer. The present study on concentrated clusters brings about new infor-
mation, including the occurrence of double proton transfer configurations and the consistent
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topology within all proton transfer configurations. Additionally, the very accurate struc-
tures and energetics reported could help with the formation of more accurate acid-water
force fields. The procedure utilized in this study could also be extended to other simple
acid-water clusters, including HF and H2SO4.
Systematically identifying and quantifying the various non-covalent interactions within
the F5BAI-PyrFur2 and F5BAI-PyrThio2 solid state co-crystals allowed for a compre-
hensive understanding of these opto-electronic building blocks that form by self assembly.
These building blocks could be used in a variety of organic light emitting diodes (OLEDs)
and organic field effect transistors (OFETs), which are become more popular in today’s so-
ciety. Future investigations into the crystallographic disorder present in both XB acceptors
would help ascertain the conformations likely to be in the overall co-crystal. Furthermore,
identifying the torsional barrier heights and determining more accurate relative energies for
the various conformations of these XB acceptors would be helpful for assessing any differences
between the use of furan or thiophene in these co-crystals.
Investigating the specific interaction between the molecules within high energy density
materials (HEDMs) and a Ag2 substrate allowed for the determination of how these molecules
would interact with a metal surface or nanoparticle in a surface enhance Raman spectroscopy
(SERS) experiment. These HEDM molecules are toxic to the surrounding environment
and the SERS technique could be used to effectively detect these molecules, so that they
can be removed from the soil. The present study provides detailed information about the
different binding sites and the corresponding changes upon complexation to the vibrational
frequencies, infrared intensities and Raman activities in order to help these molecules be
assigned in future SERS experiments. This study could be easily extended to include more
molecules that are in these toxic HEDMs in order to gather a more comprehensive list of
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Table S1: ClH· · ·FH Cartesian coordinates in Bohr at different levels of theory.
Level of Theory Atom x y z
MP2/ha(D+d)Z F 0.04681070 3.95156171 0.00000000
H -1.47517858 4.81460256 0.00000000
Cl 0.04681070 -2.37790626 0.00000000
H 0.25810047 0.04574851 0.00000000
MP2/ha(T+d)Z F 0.04758671 3.92501608 0.00000000
H -1.52065620 4.69198248 0.00000000
Cl 0.04758671 -2.35660905 0.00000000
H 0.28340178 0.04522660 0.00000000
MP2/ha(Q+d)Z F 0.04731530 3.90715238 0.00000000
H -1.51204831 4.67929818 0.00000000
Cl 0.04731530 -2.34698603 0.00000000
H 0.28185047 0.05509280 0.00000000
MP2/ha(5+d)Z F 0.04713388 3.90412288 0.00000000
H -1.51162145 4.67589333 0.00000000
Cl 0.04713388 -2.34523468 0.00000000
H 0.28614053 0.05599037 0.00000000
CCSD(T)/ha(D+d)Z F -4.04743089 0.08110549 0.00000000
H -4.93033872 -1.42723312 0.00000000
Cl 2.34336882 -0.01018681 0.00000000
H -0.08064537 0.25177747 0.00000000
CCSD(T)/ha(T+d)Z F -4.00750128 0.08247135 0.00000000
H -4.77361008 -1.48381197 0.00000000
Cl 2.31723986 -0.01030939 0.00000000
H -0.08347726 0.28686187 0.00000000
CCSD(T)/ha(Q+d)Z F -3.98863669 0.08204017 0.00000000
H -4.75306681 -1.47852725 0.00000000
Cl 2.30669987 -0.01038927 0.00000000
H -0.09392526 0.29247652 0.00000000
CCSD(T)/ha(5+d)Z F -3.98559061 0.08191156 0.00000000
H -4.74739853 -1.47904557 0.00000000
Cl 2.30489179 -0.01049407 0.00000000
H -0.09427919 0.29905577 0.00000000
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Table S2: FH· · ·ClH Cartesian coordinates in Bohr at different levels of theory.
Level of Theory Atom x y z
MP2/ha(D+d)Z F 0.07830908 4.06902372 0.00000000
Cl 0.07830908 -2.16304839 0.00000000
H 0.31456231 2.32978256 0.00000000
H -2.35059829 -2.17917344 0.00000000
MP2/ha(T+d)Z F 0.07982212 3.98957715 0.00000000
Cl 0.07982212 -2.11791214 0.00000000
H 0.25354368 2.24560726 0.00000000
H -2.32891881 -2.14729521 0.00000000
MP2/ha(Q+d)Z F -0.07870339 3.98695663 0.00000000
Cl -0.07870339 -2.11918080 0.00000000
H -0.28349775 2.25235437 0.00000000
H 2.32978601 -2.10889040 0.00000000
MP2/ha(5+d)Z F -0.07842432 3.98114073 0.00000000
Cl -0.07842432 -2.11663204 0.00000000
H -0.29044421 2.24798238 0.00000000
H 2.32947645 -2.09550420 0.00000000
CCSD(T)/ha(D+d)Z F -4.05802969 0.01053129 0.00000000
Cl 2.20596169 -0.06714929 0.00000000
H -2.32276302 -0.23628273 0.00000000
H 2.27923851 2.36766071 0.00000000
CCSD(T)/ha(T+d)Z F -3.97247873 0.00859189 0.00000000
Cl 2.15824367 -0.06697492 0.00000000
H -2.23366520 -0.18606088 0.00000000
H 2.23311705 2.34794781 0.00000000
CCSD(T)/ha(Q+d)Z F -3.97152351 0.00916420 0.00000000
Cl 2.15938098 -0.06617895 0.00000000
H -2.24401508 -0.22632264 0.00000000
H 2.18599867 2.34980317 0.00000000
CCSD(T)/ha(5+d)Z F -3.96586616 0.00921474 0.00000000
Cl 2.15666708 -0.06594989 0.00000000
H -2.24023998 -0.23489272 0.00000000
H 2.16974241 2.34947282 0.00000000
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Table S3: Transition state Cartesian coordinates in Bohr at different levels of theory.
Level of Theory Atom x y z
MP2/ha(D+d)Z Cl 0.01093278 -2.21627661 0.00000000
F 0.01093278 3.92000043 0.00000000
H -1.73217054 -0.52295536 0.00000000
H 1.44791821 2.91965390 0.00000000
MP2/ha(T+d)Z Cl 0.00585471 -2.20900473 0.00000000
F 0.00585471 3.89443065 0.00000000
H -1.61060670 -0.42062139 0.00000000
H 1.45838430 2.92382590 0.00000000
MP2/ha(Q+d)Z Cl 0.00420263 -2.20501763 0.00000000
F 0.00420263 3.88124317 0.00000000
H -1.57983889 -0.38815043 0.00000000
H 1.47057058 2.94226166 0.00000000
MP2/ha(5+d)Z Cl 0.00390671 -2.20126122 0.00000000
F 0.00390671 3.87366183 0.00000000
H -1.57250118 -0.37835479 0.00000000
H 1.47092672 2.93683907 0.00000000
CCSD(T)/ha(D+d)Z Cl 0.00985017 -2.22555729 0.00000000
F 0.00985017 3.93130603 0.00000000
H -1.72525762 -0.51465265 0.00000000
H 1.46915318 2.96737234 0.00000000
CCSD(T)/ha(T+d)Z Cl 0.00579485 -2.21185155 0.00000000
F 0.00579485 3.89755868 0.00000000
H -1.61790146 -0.42087346 0.00000000
H 1.46723539 2.94432159 0.00000000
CCSD(T)/ha(Q+d)Z Cl 0.00371582 -2.20777708 0.00000000
F 0.00371582 3.88258904 0.00000000
H -1.58106284 -0.38193224 0.00000000
H 1.48445154 2.97084116 0.00000000
CCSD(T)/ha(5+d)Z Cl 0.00343104 -2.20415524 0.00000000
F 0.00343104 3.87529984 0.00000000
H -1.57371022 -0.37250886 0.00000000
H 1.48450331 2.96544943 0.00000000
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Table S4: Harmonic vibrational frequencies (ωn in cm
−1) for both minima and the transition state (TS) at
different levels of theory.
ClH· · ·FH FH· · ·ClH TS
Basis Set Mode MP2 CCSD(T) MP2 CCSD(T) MP2 CCSD(T)
ha(D+d)Z ω1 (a
′
) 4067 4072 3985 4000 4053 4059
ω2 (a
′
) 2995 2966 3024 2979 3016 2973
ω3 (a
′
) 353 336 474 464 384 373
ω4 (a
′
) 147 141 151 150 98 97
ω5 (a
′
) 99 96 103 102 138i 131i
ω6 (a
′′
) 282 268 343 337 273 263
ha(T+d)Z ω1 (a
′
) 4094 4101 3996 4017 4078 4086
ω2 (a
′
) 2995 2961 3027 2977 3016 2970
ω3 (a
′
) 358 346 486 477 388 378
ω4 (a
′
) 145 142 165 162 100 100
ω5 (a
′
) 103 100 116 114 145i 136i
ω6 (a
′′
) 284 272 376 368 270 263
ha(Q+d)Z ω1 (a
′
) 4106 4116 4008 4032 4090 4100
ω2 (a
′
) 2989 2956 3026 2978 3013 2969
ω3 (a
′
) 358 347 472 461 395 387
ω4 (a
′
) 144 140 155 151 102 104
ω5 (a
′
) 103 99 113 111 142i 131i
ω6 (a
′′
) 282 270 356 345 270 264
ha(5+d)Z ω1 (a
′
) 4106 4117 4007 4031 4089 4099
ω2 (a
′
) 2987 2956 3026 2979 3012 2967
ω3 (a
′
) 357 346 471 459 399 388
ω4 (a
′
) 143 140 155 150 103 104
ω5 (a
′
) 103 99 114 111 142i 137i
ω6 (a
′′
) 280 268 354 344 272 266
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Table S5: Anharmonic vibrational frequencies (Freq in cm−1) and infrared intensities (Int in km mol−1) for
each vibrational mode (νn) for both configurations at different levels of theory.
ClH· · ·FH FH· · ·ClH
MP2 CCSD(T) MP2 CCSD(T)
Basis Set Mode Freq Int Freq Int Freq Int Freq Int
ha(D+d)Z ν1 (a
′
) 3876 146 3874 121 3813 311 3824 266
ν2 (a
′
) 2913 150 2875 104 2924 64 2871 43
ν3 (a
′
) 234 54 220 51 367 70 355 70
ν4 (a
′
) 79 76 74 70 106 99 102 92
ν5 (a
′
) 77 31 74 35 84 6 83 7
ν6 (a
′′
) 232 63 218 63 261 132 250 129
∆ν(HF) −24 −17 −87 −68
∆ν(HCl) −31 −13 −20 −16
ha(T+d)Z ν1 (a
′
) 3927 141 3930 118 3841 365 3860 316
ν2 (a
′
) 2911 162 2868 120 2927 66 2871 46
ν3 (a
′
) 257 53 246 52 393 73 380 72
ν4 (a
′
) 95 80 92 74 124 76 119 73
ν5 (a
′
) 82 22 78 27 95 2 93 3
ν6 (a
′′
) 238 56 227 56 293 116 280 115
∆ν(HF) −26 −20 −112 −90
∆ν(HCl) −37 −19 −21 −17
ha(Q+d)Z ν1 (a
′
) 3936 142 3942 121 3850 354 3872 304
ν2 (a
′
) 2908 170 2867 129 2927 67 2874 49
ν3 (a
′
) 256 53 246 53 392 72 359 64
ν4 (a
′
) 92 75 91 70 123 79 116 83
ν5 (a
′
) 81 23 77 32 95 3 92 15
ν6 (a
′′
) 243 55 232 58 294 119 286 120
∆ν(HF) −27 −21 −113 −90
∆ν(HCl) −40 −23 −21 −17
ha(5+d)Z ν1 (a
′
) 3935 142 3847 356
ν2 (a
′
) 2906 173 2926 68
ν3 (a
′
) 254 54 394 72
ν4 (a
′
) 94 75 124 79
ν5 (a
′
) 81 24 96 4
ν6 (a
′′




Table S6: Anharmonic corrections to the vibrational frequencies (δanhn in cm
−1) for both configurations at
different levels of theory.
ClH· · ·FH FH· · ·ClH
Basis Set Mode MP2 CCSD(T) MP2 CCSD(T)
ha(D+d)Z δanh1 (a
′
) −191 −197 −172 −177
δanh2 (a
′
) −81 −91 −100 −107
δanh3 (a
′
) −119 −115 −106 −109
δanh4 (a
′
) −67 −67 −44 −47
δanh5 (a
′
) −22 −22 −19 −19
δanh6 (a
′′
) −51 −50 −82 −87
ha(T+d)Z δanh1 (a
′
) −167 −171 −155 −157
δanh2 (a
′
) −84 −93 −100 −106
δanh3 (a
′
) −101 −99 −93 −97
δanh4 (a
′
) −51 −50 −41 −43
δanh5 (a
′
) −21 −22 −21 −22
δanh6 (a
′′
) −46 −45 −82 −89
ha(Q+d)Z δanh1 (a
′
) −170 −174 −158 −159
δanh2 (a
′
) −81 −89 −100 −104
δanh3 (a
′
) −102 −101 −80 −102
δanh4 (a
′
) −52 −49 −32 −35
δanh5 (a
′
) −22 −22 −18 −19
δanh6 (a
′′




















Table S7: Overtones and combination bands (Freq in cm−1) for both configurations with infrared intensities
of at least 5 km mol−1 from MP2 and CCSD(T) VPT2 computations with the ha(Q+d)Z basis set.
MP2 CCSD(T)
Molecule Mode Freq Int Freq Int
ClH· · ·FH ν1+ν4 4030 10 4035 9
ν2+ν4 3012 5 2968 6
2ν6 448 10 429 10
2ν3 415 8 397 8
ν4+ν5 159 7 154 8
2ν4 153 11 154 10
FH· · ·ClH 2ν3 708 15 643 14
2ν6 532 30 537 30
ν3+ν4 496 13 456 12
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APPENDIX B: SUPPORTING INFORMATION FOR CHAPTER 3
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Table S1: 2-2A cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -1.345655657731 -0.024930565941 -1.527652872738
CL -1.642546488788 -0.011242945526 1.703456581791
O 1.345129771833 0.024931926903 1.527652720878
CL 1.642767913645 0.011242158088 -1.703456475346
H -1.596712063618 -0.033483742863 -0.588842557709
H -1.797613248505 0.739017846000 -1.900369185353
H -0.325314852571 0.001242530449 1.673021597860
H 1.596932929882 0.033487058324 0.588842242032
H 1.797834387840 -0.739017677741 1.900366916787
H 0.325536183182 -0.001240291586 -1.673020296821
Table S2: 2-2B cartesian coordinates in Angstroms at DF-MP2/ha(T+d)Z.
Atom x y z
CL -0.252846969188 -2.066848130917 0.259806430288
CL 1.840011328471 0.716919131491 -0.270760840620
H 0.597079405058 -1.112641679999 0.056922299183
H 0.761807376120 1.484206753264 -0.131573896360
H -0.689445820077 2.828413530651 0.826824529928
H -1.354283973645 1.682862196497 0.022200022227
O -0.610297642606 2.322419618861 0.011962157773
H -2.001683386773 -0.491564230960 0.077238149753
H -3.072968852166 0.219919286967 -0.755376326531
O -2.496736959165 0.338312914726 0.005923235771
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Table S3: 2-2C cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 1.404378809070 1.472586725767 -0.001755750998
H 1.621099564864 0.525231664930 -0.024138874617
H 1.878342264457 1.819464752423 0.761738203554
CL 1.574856472427 -1.769554114221 -0.020134642672
H 0.260545213144 -1.687655892918 -0.000071777956
O -1.404902237580 -1.472585688026 -0.002389082332
H -1.620869566353 -0.525227669110 -0.024735151913
H -1.878371146811 -1.819550266653 0.760910406587
CL -1.574629208319 1.769556119322 -0.020443777957
H -0.260324600143 1.687651369935 0.000042161025
Table S4: 2-2D cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
CL 2.025436021864 -0.476003831616 -1.007771953023
O -0.632458237032 -1.440050028758 0.961025646167
O -2.614132533095 -0.534343432687 -0.728463981491
H 1.364287318004 0.477615315340 -0.459154547559
H 0.113753528289 -1.780808055840 0.450939297174
H -1.385376426371 -1.426810124701 0.339132829679
H -3.575260223932 -0.563775400119 -0.705682261784
H -2.385056632159 0.388610223706 -0.559445491762
CL -0.358575511129 1.459143335077 0.898051437345
H -0.442229999897 0.127894673615 1.050298359138
Table S5: 2-2E cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
CL 2.088769969820 0.000000000000 0.031404003313
O -0.000000000000 1.886796775100 -0.104997241387
O 0.000000000000 -1.886796775100 -0.104997241387
CL -2.088769969820 -0.000000000000 0.031404003313
H 0.840521584000 1.237396224100 -0.070346742187
H -0.000000000000 2.397992545600 0.717440367313
H 0.000000000000 -2.397992545600 0.717440367313
H 0.840521584000 -1.237396224100 -0.070346742187
H -0.840521584000 -1.237396224100 -0.070346742187
H -0.840521584000 1.237396224100 -0.070346742187
104
Table S6: 3-1A cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
CL -2.050480774049 -1.690528373664 -0.197965300169
O 0.525118330210 -0.210957414002 1.207869821897
H -2.182370024388 -0.421330380819 -0.340553702930
H 0.674229207305 -0.298352680267 2.156283846278
H -0.046815972356 -0.956553198530 0.968843414675
CL 3.298892998319 -0.083050070580 -0.443502812568
H 2.183785172206 -0.143752198944 0.192147930759
CL -1.490918254294 1.887450658273 -0.013016152890
H -0.548522001262 1.216972228278 0.562374168806
Table S7: 3-1B cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 2.196420838148 1.016418493147 0.109523492397
CL -0.796608786464 2.390328066290 -0.209315016226
CL -1.850554181906 -1.007244548698 0.363117118401
CL 1.529366609582 -1.905017007485 -0.233186937634
H 1.856982167938 -0.644063024590 -0.079531819909
H -0.650040207231 -1.426015142246 0.140518499684
H 1.400642171320 1.560633574359 0.016208628710
H 2.583905510013 1.279639684082 0.951217958420
H -1.265716518483 1.208212110830 -0.012187559037
Table S8: 3-1C cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -0.052936749579 1.832335623787 0.453478338208
CL 2.480887932550 0.059691494352 -0.911139802221
H 1.823005236160 -0.622960605094 -0.047842165842
H -0.814803780143 1.787267825389 -0.139845411317
H 0.716190512094 1.829519546458 -0.134111443156
CL 0.018813568623 -0.896770118115 1.609697788955
H -0.014535947129 0.366153478298 1.206743678565
CL -2.473314885336 -0.077052371600 -0.929716678116
H -1.785256898914 -0.722557907368 -0.061382137783
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Table S9: 2-3A cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -1.986126918674 -0.837069942858 -0.257377687538
O 1.397983265265 2.112544111189 -0.318867851900
O 2.609090744713 -0.312333171878 -0.151064075891
CL 0.731946899133 -2.544823059910 -0.021718476918
CL -1.758747544822 2.048872497273 0.414078984832
H -1.856466964688 0.767147773775 0.109776106664
H 1.585319400602 -1.516881412885 -0.076466494746
H -2.303114471803 -1.044087918585 -1.142330960947
H -1.173567917603 -1.364134366072 -0.153026964269
H 3.193207350587 -0.265675792069 0.612487054350
H 2.180856071066 0.570648826185 -0.210032235570
H 0.457389713539 2.152667653669 -0.080337477932
H 1.469736005521 2.622736386377 -1.131005483667
Table S10: 2-3B cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -2.061308983567 1.540240599221 0.366691309594
CL -1.599506066921 -1.412496664261 -1.005115930851
CL 1.325519793224 -1.404229524790 0.902439995081
O 2.312370562008 1.130721986954 -0.080692670743
O 0.283089334817 2.885084858766 -0.119073486859
H -2.363038058730 1.413938582990 1.271116800958
H -2.038757966187 0.649584899043 -0.014876018758
H -0.487198125873 -1.471388526605 -0.344233593756
H 1.787855621047 -0.222403410537 0.444790289560
H 2.985675452823 1.499457642134 0.500262425123
H 1.591078693698 1.805337017124 -0.115127325237
H -0.573520827098 2.446828366610 0.064600142311
H 0.127138814620 3.433060471524 -0.893173666110
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Table S11: 2-3C cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -1.158691246286 0.692684493676 -1.228319230215
CL -1.788884296289 -0.701696842525 1.496910656196
O 1.509227958317 0.041983209886 1.080524340285
CL 1.499698030474 -0.917115209506 -1.632567720083
O 0.329848836239 2.434183906967 0.452385896783
H -1.774309488064 0.761960558164 -1.965177209870
H -0.397563126612 0.180445251406 -1.569394985008
H -1.638428634510 -0.173920540613 0.323114039423
H 0.809079738901 -0.432048948409 1.549739416456
H 1.160467769650 0.956256065592 0.991721121631
H 1.564116537483 -0.501120259182 -0.340565660805
H -0.161839544599 2.994697105981 1.059587671249
H -0.325740057280 2.090236138922 -0.176164781604
Table S12: 2-3D cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -2.547983721285 0.113208346665 -0.960445069237
O -0.965572031131 1.171317042158 0.785479584532
O 1.841788039296 -1.103992846222 -0.391884170780
CL 1.547670550674 1.659038213899 -0.502002207972
CL -0.676338079595 -1.717229086533 0.814419350183
H -0.796889902162 0.202030399302 1.048329739331
H 1.780929456092 -0.007856393556 -0.449321039346
H -3.508465516269 0.066480096578 -0.949746261239
H -2.231144038466 -0.750880643665 -0.635622553266
H 1.837712485764 -1.441565702980 -1.299094313221
H 0.950900440433 -1.407976628519 0.050039269154
H -0.082729485487 1.462217975767 0.328419987753
H -1.651069885151 1.031437211437 0.063265236995
Table S13: 3-2A cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 2.719880673539 -0.778849279229 -0.152581569388
CL 0.408210607075 -2.403481066680 0.608581391034
CL -1.776166654139 -0.429188435643 -1.270838717537
CL -1.020578684202 2.285995344815 0.933594118345
O 1.990657608999 1.843572911388 -0.370416479952
H -1.404774284248 1.304920807558 0.193211904404
H 1.472418589200 -1.670570902091 0.273340757713
H 3.456679940157 -0.819635979755 0.466189979512
H 2.488067914448 0.172051150385 -0.226388499701
H 1.139704948141 2.067148138047 0.034475964171
H 1.954706985162 2.231047051655 -1.250406894653
H -0.990651743173 -1.214755197707 -0.604730873976
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Table S14: 3-2B cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -1.570913135746 -1.235330241537 0.252048731469
CL 1.375006783709 -2.512633570839 0.209910876527
CL -1.230089061264 0.941956220311 -1.664090869630
CL -0.279806070028 2.001997919654 1.600250552284
O 1.868345594870 0.329418679086 -0.566058149611
H -0.764174904340 1.929430630417 0.411256434630
H 1.661270968069 -1.271697155248 -0.136114066021
H -1.653842453305 -0.877914170142 1.144366146100
H -0.759432169514 -1.774993846313 0.276788938834
H 1.746654000432 0.903962711703 0.201058172795
H 1.147950378712 0.584596329689 -1.161697869306
H -1.418627276019 -0.081589126239 -0.820360983828
Table S15: 4-1 cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -0.162076845162 1.916770252161 0.980518099015
CL 2.606852729071 1.314201227962 0.011973675407
CL 1.365100054838 -1.890953868437 -0.727622011683
CL -1.372616369978 -1.307178569499 1.460567484451
CL -2.504685784371 0.938564465516 -1.251312156248
H 1.399163434861 1.619731798176 0.439117455641
H 1.895466834878 -0.733049863246 -0.500755663634
H -0.808912107460 1.933260403398 0.261474154673
H -0.355539900510 -1.586314901576 0.716356960868
H -2.365488937563 -0.063268607517 -0.466436908369
H -0.476537708934 1.210822241305 1.559203053645
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Table S16: 2-4A cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -0.864355716008 -0.982715418794 -2.445087123659
CL -1.448849076998 -0.816249578788 0.597635969560
CL 1.706542656921 -1.352450467700 1.421477251378
O 1.722090579085 1.788257799082 0.974711026025
O -0.668669259485 1.860745797634 -0.003134695028
O -0.641805195749 1.661237099359 -2.533786847962
H -1.366992181213 -1.640750025532 -2.932314551970
H -1.090738836072 -1.120616014450 -1.501152721033
H -1.025583625252 0.922570889275 0.268808919741
H 0.418890937083 -1.220289316004 1.116720481959
H 1.892731151634 0.843024864011 1.149183214457
H 1.894193375716 2.234924649007 1.810037989027
H 0.271710557531 1.905048178839 0.361651103292
H -0.644774992359 1.856739977049 -1.027318592107
H -1.339350955814 2.097465768447 -3.031878272921
H -0.766062565830 0.689047851340 -2.672883699114
Table S17: 2-4B cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
CL 0.089659888517 -1.391523860689 -1.769475315090
CL -1.393673199724 -0.761577361059 1.053000017420
O 1.695187245081 -0.996153721327 1.548880879813
O 1.842232919055 1.644816275048 1.394921797879
O -0.519061918056 1.915414281324 0.543009289258
O -0.405566951714 1.738404013908 -2.039128957671
H -0.592400106684 -1.199658653813 -0.624302209989
H -0.921512752041 0.992022977643 0.783291926838
H 0.722537989321 -1.103523012412 1.514869194891
H 2.014874844338 -1.503152112072 0.794528522182
H 1.914788834737 0.658095617908 1.487901669542
H 2.108096460842 2.019389925511 2.240047777881
H 0.444167814600 1.890497572656 0.905362966887
H -0.485206670166 1.930281853634 -0.464787448914
H -1.183458031715 1.950816007403 -2.565317498381
H -0.242982738263 0.788632096165 -2.187584339096
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Table S18: 2-4C cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 1.667069877183 1.503581550487 -0.786330773585
CL 3.024162097921 -1.283132118411 0.031113454102
CL -3.149689326112 1.320439869323 -0.946822510841
O 0.526814174366 -2.604672228685 0.666441469113
O -1.391251094290 -0.814618376819 1.243136803923
O -0.559874222821 1.808699709943 0.670499940458
H -2.075813918023 1.687567172106 -0.319484313784
H 1.608366262734 1.508537765228 -1.746576311800
H 2.133001178706 0.676767486597 -0.568565752820
H -2.188731218540 -0.817611733217 0.701700645351
H -1.073389156514 0.104414680732 1.182454448905
H 1.863197993736 -1.896599214681 0.331907936147
H 0.599565985290 -3.183265375668 1.432276320941
H -0.198974681004 -1.969056924736 0.880055160673
H 0.267035679134 1.748559236811 0.133786735252
H -0.431553882631 2.544522969099 1.277044489466
Table S19: 2-4D cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 1.282793575372 -2.270099807235 -0.190688370431
CL -1.839178838595 -2.517123007862 0.582693015082
O -2.860911551365 0.102508879708 -0.193330148513
O -1.283365126152 2.270096398246 0.190687791094
CL 1.839342847242 2.517126348693 -0.582686575019
O 2.861073959301 -0.102511756398 0.193318147792
H -3.200639909789 0.179035504592 -1.090044145195
H -2.284569392677 -1.314227184081 0.209878967112
H -0.341705075360 2.315828540539 -0.044109061387
H 1.360595126730 -2.769181404348 -1.008878210480
H 0.341865149748 -2.315829182825 0.044109166837
H 2.284730333774 1.314226603408 -0.209880160255
H 3.200805799273 -0.179044404212 1.090030394031
H 2.267215070148 -0.875172304416 0.065448555690
H -1.360435627207 2.769174055458 1.008880024256
H -2.267058745414 0.875173616196 -0.065459329080
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Table S20: 2-4E cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 2.061910400239 1.365249608000 -0.532354041813
O -0.126082257934 1.511526015699 1.216593262208
O -2.177310191411 -1.405319102379 -0.488389469780
O -0.104318225407 -1.360555795515 1.174617242133
CL 2.921687944098 -1.483570388919 -0.142539575993
CL -2.720306799020 1.397314080555 -0.561135458796
H -0.010862833680 -0.416418961592 1.381782777237
H -2.878667435178 -1.942282154112 -0.104734038510
H -2.511317590949 0.046137331503 -0.541792898570
H 0.767636958403 -1.621700836468 0.842871641913
H 1.789039085508 1.614540810532 -1.420907526289
H 1.287008709068 1.532086905259 0.035154122307
H -1.396953740649 -1.494622543179 0.118960167250
H -0.976372748640 1.626047653054 0.749494046403
H -0.156762622315 2.118597925742 1.963254605545
H 2.587962479780 -0.229596251500 -0.358733254107
Table S21: 2-4F cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -2.164058405628 -1.637376431677 -0.408780975933
CL -2.548873495593 1.647855819376 -0.500755842708
O 0.010052963396 1.495059069029 1.119200092215
O 2.133554348082 1.461268683664 -0.489154137035
CL 2.545485553472 -1.667300991534 -0.211788705484
O 0.078498899246 -1.351317968468 1.184082603900
H 0.798459698241 1.579121779286 0.524503587022
H -1.456020639961 1.649175925158 0.220354853668
H 2.414735067720 0.526957742238 -0.496253964799
H -2.939148028226 -2.135118134814 -0.133737795850
H -2.482072603259 -0.735450869873 -0.559852956004
H 1.347664765959 -1.564850816195 0.447077550649
H 0.013737975051 -0.395468138027 1.357067878331
H -0.707471260796 -1.554261650725 0.634949899087
H 2.053339838319 1.703690791469 -1.416864884208
H 0.153066991906 2.114581398374 1.842273758598
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Table S22: 2-4G cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -0.797793921425 -1.421675449020 -1.959462784344
CL -1.028169134166 -1.338791420379 1.058365605391
O 1.926874929258 -1.275263814596 2.032273415073
O 1.887077920494 1.351481645276 1.720618668430
O -0.419423209385 1.414686211500 0.722488984690
CL -0.273087578955 1.336407605470 -2.323645460752
H -1.645720965560 -1.696664250928 -2.326072486640
H -0.890520356689 -1.521783098055 -0.977479904090
H -0.728308079033 0.423242863381 0.871420953079
H 1.008517094310 -1.489266998637 1.763170023112
H 2.484762875365 -1.871015407169 1.523250497374
H 2.034804597226 0.380695148533 1.869995467458
H 2.036881929983 1.782636541158 2.567568618137
H 0.530742771830 1.466013215339 1.130719513767
H -0.350836067373 1.526375060153 -0.259520871860
H -0.542251156249 -0.016229037232 -2.190649263999
Table S23: 2-4H cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -1.009631869876 -1.392001446114 -2.485374271880
CL -1.382024574451 -1.319811724346 0.588254489470
O 1.469418185351 -1.330600795255 1.637943887455
CL 2.028072802487 1.386034165742 1.094937122215
O -0.826863987324 1.411185696522 0.049845174145
O -0.867709504227 1.261524142170 -2.469400789255
H -1.603951714570 -1.993513135011 -2.942144120262
H -1.161716056824 -1.550185462812 -1.528931107265
H -1.087346138947 0.429261095046 0.314751764125
H 0.530237461409 -1.452857856413 1.348028139540
H 1.985923012461 -1.935132725195 1.092010231311
H 1.797528233350 0.043270127466 1.365314921054
H 0.106425019717 1.533840373243 0.363142669913
H -0.836049145156 1.425371500178 -0.981017401313
H -1.578067656600 1.702826340242 -2.944557946630
H -0.972172622759 0.291205494128 -2.639438336789
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Table S24: 2-4I cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -0.801871862799 0.475429879088 -1.005718444461
CL -1.193925957152 -0.546877092660 1.805097789728
O 2.011591726032 0.599956015648 1.097463018929
CL 2.010085047934 -0.937048566370 -1.373842315969
O 0.494933346975 2.668845704654 0.116732999359
O -3.222603851304 -0.824710439764 -1.030036093939
H -1.649900802792 0.098054746396 -1.304947585468
H -0.091875139574 -0.063306752045 -1.398305204254
H -0.946065157875 -0.069122905972 0.605491944119
H 1.546812470059 1.426326554730 0.841960219268
H 1.436115087550 0.188040372443 1.754383900233
H 2.059382680777 -0.266150877330 -0.209042799754
H 0.841665052638 3.364038338594 -0.449590813177
H -0.077934734771 2.125876276885 -0.451147451215
H -3.209146905565 -1.056601430768 -0.093170236511
H -4.136627748534 -0.593793453548 -1.220321958405
Table S25: 2-4J cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 0.222705891310 1.946827042730 -0.713356413748
CL 2.617702276821 0.417880558177 -0.698153778732
CL 0.720308864827 -2.184475227855 0.559952190138
O -1.651133380435 0.032030435210 0.092660704581
H 1.500192939172 -1.256015141358 0.088950307508
H 0.087332609144 2.326386104787 0.175677894836
H -0.480805863297 1.270848725129 -0.736325423477
H -1.155077035950 -0.791937983506 0.207001495702
H -2.524197212665 -0.221791262812 -0.256534043541
H 1.478352364118 1.194172446962 -0.714245225311
O -0.915335139214 2.160976900917 1.824399387287
H -0.546298718018 1.954402674437 2.687709432626
H -1.307626933684 1.330956600998 1.505520151185
O -4.181019039351 -0.596542504531 -0.937809580358
H -4.345956125157 -0.480694952719 -1.878685810740
H -4.973019721022 -0.264796104410 -0.503772887155
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Table S26: 2-4K cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.

































Table S27: 2-4L cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O -1.391173306262 0.416741546399 -1.096063306132
CL -0.828273952133 1.058634119039 1.697706094991
O 1.805767786952 0.300211994747 0.701649200650
CL 1.321223223118 0.603241536045 -2.017598854885
O -1.512797285845 -2.123819474281 -0.642934168513
O 0.165253553087 -1.793954315980 1.557968517146
H -1.519142989227 -0.580960143921 -0.989370319224
H -0.458679689553 0.536774289648 -1.527794980310
H -1.289500403637 0.761941125417 -0.143278768513
H 0.995258408809 0.767713071789 1.099899485957
H 1.604691896518 -0.640360663034 0.894600986590
H 1.695435389534 0.427098993699 -0.384845020757
H -0.963649152723 -2.237207739668 0.157210585861
H -2.341328439897 -2.581662880186 -0.471586253551
H 0.276344088161 -2.342046958108 2.342500592229
H -0.296878299941 -0.974621659476 1.859472031805
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Table S28: 3-3A cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
CL -0.696945628158 -1.271050286381 -2.292582672568
CL -1.390984341962 -0.621390247094 0.900078318180
CL 1.808426331985 -1.127256688288 1.677931466016
O 1.736510387054 2.024146093460 1.333048342795
O -0.627031838829 2.056997338396 0.321182139091
O -0.518958329749 1.894661531029 -2.242682316038
H -1.009144577760 -1.109012371874 -1.017742920483
H -0.979949395545 1.110126203320 0.578091270386
H 0.518718575165 -1.021278886508 1.404327151879
H 1.938018990154 1.082599480048 1.493451909097
H 1.895740195342 2.467417244795 2.172854945836
H 0.306851433192 2.113715006343 0.709527060296
H -0.576295620166 2.063001656956 -0.690517385445
H -1.221875305516 2.288531951304 -2.769836591119
H -0.546014573978 0.940014253323 -2.444560724006
Table S29: 3-3B cartesian coordinates in Angstrom at DF-MP2/ha(T+d)Z.
Atom x y z
O 1.343565289847 -0.806770130544 -1.088554548133
CL 2.335754691256 1.788122893544 -0.124824696825
O -0.594811475888 2.441824942600 0.987651486502
CL 0.129737455259 -2.172945338561 1.666687152756
O -1.859115704100 0.095761916752 1.003692057781
CL -1.847435022468 -0.509782979444 -2.011666710681
H -2.653894720727 0.144775802345 1.546008605263
H -0.727225581576 -1.214286656250 1.472903086648
H -1.976326635255 -0.272514943296 -0.738847957676
H 0.501753832166 -0.755622131797 -1.564825069894
H 1.155401632640 -1.383008736843 -0.332027923543
H -0.911965818094 3.130167080726 0.394310647883
H 1.892181208316 0.618491879887 -0.581812563316
H -1.438244723119 0.992510695415 1.045684049909
H 0.335628604444 2.310602414335 0.731650855093
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APPENDIX C: SUPPORTING INFORMATION FOR CHAPTER 4
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General Summary: Reagents and solvents were purchased from commercial sources and used without 
further purification unless otherwise specified. DMF was degassed in 20 L drums and passed through two 
sequential purification columns (activated alumina; molecular sieves for DMF) under a positive argon 
atmosphere. Thin layer chromatography (TLC) was performed on SiO2-60 F254 aluminum plates with 
visualization by UV light or staining. Flash column chromatography was performed using Purasil SiO2-60, 
230–400 mesh from Fisher. 1 H and 13C NMR spectra were recorded on a Bruker Avance-300 (300 MHz), 
Bruker Avance DRX-500 (500 MHz spectrometer and are reported in ppm using solvent as an internal 
standard (CDCl 3 at 7.26 ppm). Data reported as: s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, 
m = multiplet, b = broad, ap = apparent; coupling constant(s) in Hz; integration. 
Scheme S1. Synthesis of pyridine XB acceptors 
Synthesis of 3,5-di(furan-2-yl)pyridine. To a flame dried RBF equipped with a stir bar, 1 
equivalence (8.44 mmol) of 3,5-dibromopyridine was added followed by 0.05 equivalence (0.422 
mmol) of Pd(PPh3)4.  The RBF was then put under an inert atmosphere of N2.  The solid reagents 
were then dissolved in dry toluene after which 2.2 equivalence (18.57 mmol) of 2-
(tributylstannyl)furan was added.  The reaction was allowed to run for 12 hours at the reflux 
temperature of 110 oC.  After 12 hours, the reaction mixture was cooled to room temperature and 
100 mL of NaHCO3 was added to quench the reaction.  Ethyl acetate was used to extract the 
compound and the organic layer was then washed with 100 mL of DI water three times.  The organic 
layer was then separated and dried over Na2SO4.  The organic solvent was then removed by rotary 
evaporation to afford a yellow solid.  The compound was then purified by column chromatography 
using silica gel as the stationary phase and a 1:1 mixture of hexanes and ethyl acetate as the mobile 
phase to afford 0.444 grams (25% yield) of pure 3,5-di(furan-2-yl)pyridine. 1H NMR (500 MHz-
CDCl3) 𝛿= 8.81 (s, 2H), 8.18 (s, 1H), 7.55 (d, 2H), 6.80 (d, 2H), 6.53 (t, 2H); 13C NMR (300 MHz-
CDCl3) 𝛿= 150.84, 143.79, 143.18, 126.74, 125.38, 111.94, 106.84 
Synthesis of 3,5-di(thiophen-2-yl)pyridine. To a flame dried RBF equipped with a stir bar, 1 
equivalence (4.51 mmol) of 3,5-dibromopyridine was added followed by 0.1 equivalence (0.451 
mmol) of Pd(PPh3)4.  The RBF was then put under an inert atmosphere of N2.  The solid reagents 
were then dissolved in dry toluene after which 2.2 equivalence (9.92 mmol) of 2-
(tributylstannyl)thiophene was added.  The reaction was allowed to run for 12 hours at the reflux 
temperature of 110 oC.  After 12 hours, the reaction mixture was cooled to room temperature and 
100 mL of NaHCO3 was added to quench the reaction.  Ethyl acetate was used to extract the 
compound and the organic layer was then washed with 100 mL of DI water three times.  The organic 
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layer was then separated and dried over Na2SO4.  The organic solvent was then removed by rotary 
evaporation to afford a yellow solid.  The compound was then purified by column chromatography 
using silica gel as the stationary phase and a 1:1 mixture of hexanes and ethyl acetate as the mobile 
phase to afford 0.7149 grams (65% yield) of pure 3,5-di(thiophen-2-yl)pyridine. 1H NMR (500 
MHz-CDCl3) 𝛿= 8.78 (s, 2H), 8.02 (s, 1H), 7.41 (d, 2H), 7.39 (d, 2H), 7.15 (t, 2H); 13C NMR (300 
MHz-CDCl3) 𝛿= 145.58, 139.88, 130.37, 129.88, 128.28, 126.25, 124.54 
Preliminary Investigation of Co-crystals 
Table S1.  Summary of preliminary investigation of co-crystals 










F5BAI- PyrThio2 2185 2167 -18 124.5 – 130.8 128.4 107.5 
F5BAI- PyrFur2  2185 2168 -17 112.3 – 113.8 111.5 111.0 
Spectroscopic Analysis Infrared Spectroscopy 























Figure S2. TGA of neat XB acceptors 































































Figure S5. Pictorial representations of all pair-wise contacts characterized in the F5BAI-PyrFur2 
co-crystal, where the dominant interactions are shown in a, minor heterogeneous interactions in b and 





Figure S6. Pictorial representations of all pair-wise contacts characterized in the F5BAI-PyrThio2 co-
crystal with torsional angles τα = 171° and τβ = −25°, where the dominant interactions are shown in a, 








Figure S7. Pictorial representations of all pair-wise contacts characterized in the F5BAI-PyrThio2 co-
crystal with torsional angles τα = 166° and τβ = 24°, where the dominant interactions are shown in a, 





Figure S8. Pictorial representations of all pair-wise contacts characterized in the F5BAI-PyrThio2 co-
crystal with torsional angles τα = 166° and τβ = −163°, where the dominant interactions are shown in a, 





Figure S9. Pictorial representations of all pair-wise contacts characterized in the F5BAI-PyrThio2 co-
crystal with torsional angles τα = −166° and τβ = 163°, where the dominant interactions are shown in a, 





Table S2. Summary of interaction energies (in kcal mol–1) observed in the F5BAI-PyrFur2 co-crystal 
(Figure S5).   
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −7.6 −7.5 −7.6
Donor-Acceptor π-Stacking −7.3 −6.3 −6.8
Donor-Donor π-Stacking −7.7 −6.6 −7.2
Acceptor-Acceptor π-Stacking −8.7 −7.9 −8.3
Donor-Acceptor Slipped π-Stacking −2.1 −1.6 −1.8
Donor-Acceptor Slipped π-Stacking −1.1 −1.0 −1.0
Donor-Acceptor Slipped π-Stacking −0.4 −0.3 −0.3
Donor-Acceptor Slipped π-Stacking −0.1 −0.1 −0.1
Donor-Acceptor Slipped π-Stacking −0.1 0.0 0.0
Donor-Acceptor Edge-Edge −1.7 −1.5 −1.6
Donor-Acceptor Edge-Edge −1.4 −1.1 −1.3
Donor-Acceptor Edge-Edge −0.9 −0.7 −0.8
Donor-Donor Slipped π-Stacking −2.4 −1.8 −2.1
Donor-Donor Slipped π-Stacking −0.1 −0.1 −0.1
Donor-Donor Slipped π-Stacking −0.1 0.0 −0.1
Donor-Donor Edge-Edge −0.5 −0.3 −0.4
Acceptor-Acceptor Slipped π-Stacking −1.9 −1.7 −1.8
Acceptor-Acceptor Slipped π-Stacking −0.9 −0.8 −0.9
Acceptor-Acceptor Slipped π-Stacking −0.1 0.0 −0.1
Acceptor-Acceptor Edge-Edge −0.6 −0.5 −0.6
Acceptor-Acceptor Edge-Edge −0.4 −0.3 −0.3
CP = Boys-Bernardi procedure 
Table S3. Summary of interaction energies (in kcal mol–1) observed in the F5BAI-PyrThio2 co-crystal 
with torsional angles τα = 171° and τβ = −25° (Figure S6). 
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −7.5 −7.4 −7.4
Donor-Acceptor π-Stacking −9.5 −8.3 −8.9
Donor-Donor π-Stacking −8.7 −7.5 −8.1
Acceptor-Acceptor π-Stacking −11.7 −10.9 −11.3
Donor-Acceptor Slipped π-Stacking −0.7 −0.7 −0.7
Donor-Acceptor Slipped π-Stacking −0.3 −0.2 −0.3
Donor-Acceptor Edge-Edge −1.8 −1.5 −1.7
Donor-Acceptor Edge-Edge −1.2 −1.0 −1.1
Donor-Acceptor Herringbone −1.4 −1.2 −1.3
Donor-Acceptor Herringbone −0.9 −0.6 −0.8
Donor-Acceptor Herringbone −0.5 −0.3 −0.4
Donor-Acceptor Herringbone −0.3 −0.3 −0.3
Donor-Donor Slipped π-Stacking −2.3 −1.8 −2.1
Donor-Donor Slipped π-Stacking −0.2 −0.1 −0.1
Donor-Donor Edge-Edge −0.2 −0.1 −0.1
Donor-Donor Herringbone −0.1 0.0 −0.1
Acceptor-Acceptor Slipped π-Stacking −0.1 0.0 0.0
Acceptor-Acceptor Edge-Edge −1.1 −1.0 −1.0
Acceptor-Acceptor Herringbone −2.1 −1.9 −2.0
Acceptor-Acceptor Herringbone −1.0 −0.8 −0.9
CP = Boys-Bernardi procedure 
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Table S4. Summary of interaction energies (in kcal mol–1) observed in the F5BAI-PyrThio2 co-crystal 
with torsional angles τα = 166° and τβ = 24° (Figure S7). 
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −7.5 −7.3 −7.4
Donor-Acceptor π-Stacking −9.2 −8.1 −8.6
Donor-Donor π-Stacking −8.7 −7.6 −8.1
Acceptor-Acceptor π-Stacking −11.3 −10.5 −10.9
Donor-Acceptor Slipped π-Stacking −0.8 −0.7 −0.7
Donor-Acceptor Slipped π-Stacking −0.3 −0.2 −0.3
Donor-Acceptor Edge-Edge −1.9 −1.5 −1.7
Donor-Acceptor Edge-Edge −1.8 −1.6 −1.7
Donor-Acceptor Herringbone −1.4 −1.2 −1.3
Donor-Acceptor Herringbone −0.5 −0.3 −0.4
Donor-Acceptor Herringbone −0.5 −0.3 −0.4
Donor-Acceptor Herringbone −0.3 −0.2 −0.3
Donor-Donor Slipped π-Stacking −2.3 −1.8 −2.1
Donor-Donor Slipped π-Stacking −0.2 −0.1 −0.1
Donor-Donor Edge-Edge −0.2 −0.1 −0.1
Donor-Donor Herringbone −0.1 0.0 −0.1
Acceptor-Acceptor Slipped π-Stacking −0.2 −0.1 −0.1
Acceptor-Acceptor Edge-Edge −1.2 −1.0 −1.1
Acceptor-Acceptor Herringbone −1.8 −1.5 −1.6
Acceptor-Acceptor Herringbone −1.0 −0.8 −0.9
CP = Boys-Bernardi procedure 
Table S5. Summary of interaction energies (in kcal mol–1) observed in the F5BAI-PyrThio2 co-crystal 
with torsional angles τα = 166° and τβ = −163° (Figure S8). 
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −7.4 −7.2 −7.3
Donor-Acceptor π-Stacking −8.8 −7.7 −8.3
Donor-Donor π-Stacking −8.7 −7.5 −8.1
Acceptor-Acceptor π-Stacking −12.4 −11.6 −12.0
Donor-Acceptor Slipped π-Stacking −0.8 −0.7 −0.7
Donor-Acceptor Slipped π-Stacking −0.3 −0.2 −0.2
Donor-Acceptor Edge-Edge −2.2 −1.8 −2.0
Donor-Acceptor Edge-Edge −1.8 −1.6 −1.7
Donor-Acceptor Herringbone −1.5 −1.3 −1.4
Donor-Acceptor Herringbone −0.5 −0.3 −0.4
Donor-Acceptor Herringbone −0.4 −0.1 −0.2
Donor-Acceptor Herringbone −0.3 −0.2 −0.2
Donor-Donor Slipped π-Stacking −2.3 −1.8 −2.1
Donor-Donor Slipped π-Stacking −0.2 −0.1 −0.1
Donor-Donor Edge-Edge −0.2 −0.1 −0.1
Donor-Donor Herringbone −0.1 0.0 −0.1
Acceptor-Acceptor Slipped π-Stacking −0.2 −0.2 −0.2
Acceptor-Acceptor Edge-Edge −1.2 −1.1 −1.1
Acceptor-Acceptor Herringbone −1.7 −1.5 −1.6
Acceptor-Acceptor Herringbone −0.4 −0.3 −0.4
CP = Boys-Bernardi procedure 
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Table S6. Summary of interaction energies (in kcal mol–1) observed in the F5BAI-PyrThio2 co-crystal 
with torsional angles τα = −166° and τβ = 163° (Figure S9). 
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −7.4 −7.2 −7.3
Donor-Acceptor π-Stacking −8.8 −7.7 −8.3
Donor-Donor π-Stacking −8.7 −7.5 −8.1
Acceptor-Acceptor π-Stacking −12.4 −11.6 −12.0
Donor-Acceptor Slipped π-Stacking −0.8 −0.7 −0.7
Donor-Acceptor Slipped π-Stacking −0.3 −0.2 −0.2
Donor-Acceptor Edge-Edge −2.2 −1.8 −2.0
Donor-Acceptor Edge-Edge −1.8 −1.6 −1.7
Donor-Acceptor Herringbone −1.5 −1.3 −1.4
Donor-Acceptor Herringbone −0.5 −0.3 −0.4
Donor-Acceptor Herringbone −0.4 −0.1 −0.2
Donor-Acceptor Herringbone −0.3 −0.2 −0.2
Donor-Donor Slipped π-Stacking −2.3 −1.8 −2.1
Donor-Donor Slipped π-Stacking −0.2 −0.1 −0.1
Donor-Donor Edge-Edge −0.2 −0.1 −0.1
Donor-Donor Herringbone −0.1 0.0 −0.1
Acceptor-Acceptor Slipped π-Stacking −0.2 −0.2 −0.2
Acceptor-Acceptor Edge-Edge −1.8 −1.6 −1.7
Acceptor-Acceptor Herringbone −1.7 −1.5 −1.6
Acceptor-Acceptor Herringbone −0.4 −0.3 −0.4
CP = Boys-Bernardi procedure 
Table S7: Summary of intermolecular distances (Å) for the dominant interactions depicted in Figures 








F5BAI-PyrFur2 2.74 4.18 5.01 3.53 
F5BAI-PyrThio2
(τα = 171° & τβ = −25°) 
2.70 3.81 4.97 3.52 
F5BAI-PyrThio2 
(τα = 166° & τβ = 24°) 
2.70 3.81 4.97 3.52 
F5BAI-PyrThio2 
(τα = 166° & τβ = −163°) 
2.70 3.80 4.97 3.52 
F5BAI-PyrThio2 
(τα = −166° & τβ = 163°) 
2.70 3.80 4.97 3.52 
Table S8: Relative Energies (ΔE in kcal mol−1) for the three different optimized (M06-2X/aug-cc-pVTZ-
PP) conformations for PyrFur2 and PyrThio2, where τα and τβ are defined in Figure 1 of the main article. 
PyrFur2 PyrThio2 
τα τβ ΔE  (kcal mol−1) τα τβ ΔE  (kcal mol−1) 
0° 0° 0.00 27° 27° 0.00 
180° 0° +0.15 154° 27° +0.05
180° 180° +0.64 153° 153° +0.20
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Table S9: Summary of select interaction energies (in kcal mol–1) observed in the F5BAI-PyrFur2 co-
crystal at the M06-2X/aug-cc-pVDZ-PP level of theory. 
CP = Boys-Bernardi procedure 
Table S10: Summary of select interaction energies (in kcal mol–1) after optimizing the hydrogen atoms at 
the M06-2X/aug-cc-pVDZ-PP level of theory for the F5BAI-PyrFur2 co-crystal. 
CP = Boys-Bernardi procedure 
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −8.6 −7.8 −8.2
Donor-Acceptor π-Stacking −9.1 −6.7 −7.9
Donor-Donor π-Stacking - - -
Acceptor-Acceptor π-Stacking −12.0 −8.7 −10.4
Donor-Acceptor Slipped π-Stacking −2.7 −1.7 −2.2
Donor-Acceptor Slipped π-Stacking −1.5 −1.1 −1.3
Donor-Acceptor Slipped π-Stacking −0.7 −0.4 −0.5
Donor-Acceptor Slipped π-Stacking −0.2 −0.1 −0.2
Donor-Acceptor Slipped π-Stacking −0.1 0.0 −0.1
Donor-Acceptor Edge-Edge −2.6 −1.7 −2.1
Donor-Acceptor Edge-Edge −1.9 −1.1 −1.5
Donor-Acceptor Edge-Edge −1.4 −0.7 −1.1
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Edge-Edge - - -
Acceptor-Acceptor Slipped π-Stacking −2.8 −1.9 −2.3
Acceptor-Acceptor Slipped π-Stacking −1.5 −0.9 −1.2
Acceptor-Acceptor Slipped π-Stacking −0.2 −0.1 −0.2
Acceptor-Acceptor Edge-Edge −0.9 −0.5 −0.7
Acceptor-Acceptor Edge-Edge −0.6 −0.3 −0.4
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −8.8 −7.9 −8.3
Donor-Acceptor π-Stacking −9.1 −6.8 −7.9
Donor-Donor π-Stacking - - -
Acceptor-Acceptor π-Stacking −12.2 −9.4 −10.8
Donor-Acceptor Slipped π-Stacking −2.8 −1.8 −2.3
Donor-Acceptor Slipped π-Stacking −1.6 −1.2 −1.4
Donor-Acceptor Slipped π-Stacking −0.7 −0.5 −0.6
Donor-Acceptor Slipped π-Stacking −0.2 −0.1 −0.1
Donor-Acceptor Slipped π-Stacking −0.1 0.0 −0.1
Donor-Acceptor Edge-Edge −2.5 −1.7 −2.1
Donor-Acceptor Edge-Edge −1.9 −1.1 −1.5
Donor-Acceptor Edge-Edge −1.2 −0.6 −0.9
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Edge-Edge - - -
Acceptor-Acceptor Slipped π-Stacking −2.8 −2.1 −2.4
Acceptor-Acceptor Slipped π-Stacking −1.4 −1.0 −1.2
Acceptor-Acceptor Slipped π-Stacking −0.3 −0.2 −0.2
Acceptor-Acceptor Edge-Edge −0.8 −0.5 −0.6
Acceptor-Acceptor Edge-Edge −0.7 0.0 −0.4
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Table S11: Comparison of select average interaction energies (in kcal mol–1) between the pair-wise 
contacts observed in the F5BAI-PyrFur2 co-crystal and after the hydrogens were optimized at the M06-
2X/aug-cc-pVDZ-PP level of theory (|Δ|) as well as the relative deviations from the Avg (SP) values. 
Type Identity Avg (SP) Avg (H-Opt) |Δ| Relative Deviation 
Donor-Acceptor XB −8.2 −8.3 0.17 2.0 
Donor-Acceptor π-Stacking −7.9 −7.9 0.03 0.3 
Donor-Donor π-Stacking - - - - 
Acceptor-Acceptor π-Stacking −10.4 −10.8 0.41 3.9 
Donor-Acceptor Slipped π-Stacking −2.2 −2.3 0.10 4.3 
Donor-Acceptor Slipped π-Stacking −1.3 −1.4 0.06 4.6 
Donor-Acceptor Slipped π-Stacking −0.5 −0.6 0.05 9.3 
Donor-Acceptor Slipped π-Stacking −0.2 −0.1 0.04 19.4 
Donor-Acceptor Slipped π-Stacking −0.1 −0.1 0.01 12.5 
Donor-Acceptor Edge-Edge −2.1 −2.1 0.02 0.9 
Donor-Acceptor Edge-Edge −1.5 −1.5 0.00 0.0 
Donor-Acceptor Edge-Edge −1.1 −0.9 0.18 17.1 
Donor-Donor Slipped π-Stacking - - - - 
Donor-Donor Slipped π-Stacking - - - - 
Donor-Donor Slipped π-Stacking - - - - 
Donor-Donor Edge-Edge - - - - 
Acceptor-Acceptor Slipped π-Stacking −2.3 −2.4 0.10 4.1 
Acceptor-Acceptor Slipped π-Stacking −1.2 −1.2 0.04 2.9 
Acceptor-Acceptor Slipped π-Stacking −0.2 −0.2 0.03 15.8 
Acceptor-Acceptor Edge-Edge −0.7 −0.6 0.10 11.6 
Acceptor-Acceptor Edge-Edge −0.4 −0.4 0.08 18.6 
------------------------------------------Average--------------------------------------- 0.09 8.0 
Table S12: Summary of select interaction energies (in kcal mol–1) observed in the F5BAI-PyrThio2 co-
crystal with torsional angles τα = 171° and τβ = −25° at the M06-2X/aug-cc-pVDZ-PP level of theory. 
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −8.6 −7.6 −8.1
Donor-Acceptor π-Stacking −11.9 −8.9 −10.4
Donor-Donor π-Stacking - - -
Acceptor-Acceptor π-Stacking −16.2 −12.0 −14.1
Donor-Acceptor Slipped π-Stacking −1.1 −0.8 −0.9
Donor-Acceptor Slipped π-Stacking −0.4 −0.2 −0.3
Donor-Acceptor Edge-Edge −2.3 −1.5 −1.9
Donor-Acceptor Edge-Edge −1.9 −1.2 −1.5
Donor-Acceptor Herringbone −2.1 −1.4 −1.7
Donor-Acceptor Herringbone −1.2 −0.7 −0.9
Donor-Acceptor Herringbone −0.5 −0.3 −0.4
Donor-Acceptor Herringbone −0.8 −0.5 −0.6
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Slipped π-Stacking - - -
Donor-Donor Edge-Edge - - -
Donor-Donor Herringbone - - -
Acceptor-Acceptor Slipped π-Stacking −0.3 −0.1 −0.2
Acceptor-Acceptor Edge-Edge −1.8 −1.0 −1.4
Acceptor-Acceptor Herringbone −3.4 −2.1 −2.7
Acceptor-Acceptor Herringbone −1.9 −1.1 −1.5
CP = Boys-Bernardi procedure 
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 Table S13: Summary of select interaction energies (in kcal mol–1) after optimizing the hydrogen atoms at 
the M06-2X/aug-cc-pVDZ-PP level of theory for the F5BAI-PyrThio2 co-crystal with torsional angles    
τα = 171° and τβ = −25°. 
CP = Boys-Bernardi procedure 
 
Table S14: Comparison of select average interaction energies (in kcal mol–1) between the pair-wise 
contacts observed in the F5BAI-PyrThio2 co-crystal (with torsional angles τα = 171° and τβ = −25°) and 
after the hydrogens were optimized at the M06-2X/aug-cc-pVDZ-PP level of theory (|Δ|) as well as the 
relative deviations from the Avg (SP) values. 
 
 
Type Identity Eint Eint (CP) Average 
Donor-Acceptor XB −8.7 −7.7 −8.2 
Donor-Acceptor π-Stacking −11.8 −9.1 −10.4 
Donor-Donor π-Stacking - - - 
Acceptor-Acceptor π-Stacking −15.8 −12.1 −14.0 
Donor-Acceptor Slipped π-Stacking −1.1 −0.8 −1.0 
Donor-Acceptor Slipped π-Stacking −0.4 −0.2 −0.3 
Donor-Acceptor Edge-Edge −2.3 −1.5 −1.9 
Donor-Acceptor Edge-Edge −1.6 −1.0 −1.3 
Donor-Acceptor Herringbone −2.0 −1.3 −1.6 
Donor-Acceptor Herringbone −1.2 −0.7 −0.9 
Donor-Acceptor Herringbone −0.5 −0.3 −0.4 
Donor-Acceptor Herringbone −0.7 −0.4 −0.6 
Donor-Donor Slipped π-Stacking - - - 
Donor-Donor Slipped π-Stacking - - - 
Donor-Donor Edge-Edge - - - 
Donor-Donor Herringbone - - - 
Acceptor-Acceptor Slipped π-Stacking −0.3 −0.1 −0.2 
Acceptor-Acceptor Edge-Edge −1.8 −1.2 −1.5 
Acceptor-Acceptor Herringbone −3.3 −2.3 −2.8 
Acceptor-Acceptor Herringbone −1.9 −1.3 −1.6 
Type Identity Avg-SP Avg-Hopt |Δ| Percent (From SP) 
Donor-Acceptor XB −8.1 −8.2 0.12 1.4 
Donor-Acceptor π-Stacking −10.4 −10.4 0.05 0.5 
Donor-Donor π-Stacking - - - - 
Acceptor-Acceptor π-Stacking −14.1 −14.0 0.12 0.8 
Donor-Acceptor Slipped π-Stacking −0.9 −1.0 0.04 4.2 
Donor-Acceptor Slipped π-Stacking −0.3 −0.3 0.02 6.5 
Donor-Acceptor Edge-Edge −1.9 −1.9 0.01 0.3 
Donor-Acceptor Edge-Edge −1.5 −1.3 0.23 14.8 
Donor-Acceptor Herringbone −1.7 −1.6 0.06 3.5 
Donor-Acceptor Herringbone −0.9 −0.9 0.01 1.1 
Donor-Acceptor Herringbone −0.4 −0.4 0.01 2.6 
Donor-Acceptor Herringbone −0.6 −0.6 0.04 5.6 
Donor-Donor Slipped π-Stacking - - - - 
Donor-Donor Slipped π-Stacking - - - - 
Donor-Donor Edge-Edge - - - - 
Donor-Donor Herringbone - - - - 
Acceptor-Acceptor Slipped π-Stacking −0.2 −0.2 0.02 10.8 
Acceptor-Acceptor Edge-Edge −1.4 −1.5 0.05 3.5 
Acceptor-Acceptor Herringbone −2.7 −2.8 0.12 4.4 
Acceptor-Acceptor Herringbone −1.5 −1.6 0.13 8.6 
------------------------------------------Average--------------------------------------- 0.07 4.6 
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Crystal Data and Structure Refinement 
Figure S10. Centroid to centroid stacking distances (in Å) and the S-C-C-C torsional angle (in º) in the 
F5BAI-PyrThio2 crystal structure. 
Table S15.  Crystal data and structure refinement for F5BAI-PyrThio2. 
Identification code  JLN071417 
Empirical formula  C21 H9 F5 I N S2 
Formula weight  561.31 
Temperature  100.0 K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 21/c  
Unit cell dimensions a = 11.921(3) Å  = 90 ° 
b = 16.418(4) Å  = 104.408(5) ° 
c = 10.642(2) Å  = 90 ° 
Volume 2017.3(8) Å3
Z 4 
Density (calculated) 1.848 Mg/m3
Absorption coefficient 1.848 mm-1
F(000) 1088 
Crystal size 0.29 x 0.2 x 0.16 mm3
Theta range for data collection 3.045 to 28.289°. 
Index ranges -15<=h<=12, -21<=k<=21, -13<=l<=14
Reflections collected 13126
Independent reflections 4976 [R(int) = 0.0240]
Completeness to theta = 25.242° 99.8 %
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Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.3790 and 0.3418 
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4976 / 312 / 355 
Goodness-of-fit on F2 1.029 
Final R indices [I>2sigma(I)] R1 = 0.0234, wR2 = 0.0500 
R indices (all data) R1 = 0.0306, wR2 = 0.0526 
Extinction coefficient n/a 
Largest diff. peak and hole 0.423 and -0.340 e.Å-3
Table S16.  Atomic coordinates ( x 104) and equivalent  isotropic displacement parameters (Å2x 103)
for F5BAI-PyrThio2.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.
________________________________________________________________________________  
x y z U(eq) 
________________________________________________________________________________  
I(001) 6595(1) 5333(1) 6212(1) 17(1) 
S(003) 4606(5) 7592(2) 9602(7) 31(1) 
F(005) 11241(1) 5300(1) 977(1) 30(1) 
F(006) 10081(1) 3944(1) 1363(1) 33(1) 
F(007) 9794(1) 6706(1) 4075(1) 31(1) 
F(008) 8703(1) 3978(1) 3028(1) 31(1) 
F(009) 11113(1) 6678(1) 2347(1) 34(1) 
N(00A) 5050(2) 5274(1) 7681(2) 19(1) 
C(00B) 3675(2) 4542(1) 8555(2) 14(1) 
C(00C) 7751(2) 5366(1) 5093(2) 21(1) 
C(00D) 9975(2) 4630(1) 2007(2) 23(1) 
C(00E) 3444(2) 5254(1) 9155(2) 14(1) 
C(00F) 10512(2) 6020(1) 2519(2) 24(1) 
C(00G) 10575(2) 5319(2) 1830(2) 24(1) 
C(00H) 4008(2) 5980(1) 9011(2) 15(1) 
C(00I) 4503(2) 4585(1) 7830(2) 18(1) 
C(00J) 4808(2) 5951(1) 8248(2) 18(1) 
C(00K) 9171(2) 5354(1) 3566(2) 20(1) 
C(00M) 8412(2) 5371(1) 4419(2) 23(1) 
C(00N) 9819(2) 6025(1) 3386(2) 22(1) 
C(00O) 9280(2) 4653(1) 2863(2) 22(1) 
C(00P) 3753(2) 6736(1) 9619(2) 20(1) 
C(00R) 3722(15) 8156(4) 10356(7) 33(2) 
132
 C(00T) 2786(9) 6902(4) 10097(11) 25(2) 
C(00U) 2867(11) 7724(7) 10526(12) 38(2) 
S(0AA) 2369(3) 3580(3) 9790(4) 20(1) 
C(2) 2902(18) 3120(9) 7731(16) 22(2) 
C(3) 3061(16) 3781(9) 8575(16) 15(2) 
C(2AA) 2242(8) 2486(5) 8040(7) 25(1) 
C(1AA) 1883(7) 2651(4) 9123(7) 23(1) 
C(3A) 3050(30) 3774(13) 8770(20) 15(3) 
S(0AB) 3006(8) 2983(4) 7746(8) 29(1) 
C(1AB) 2092(10) 2469(7) 8478(12) 26(2) 
C(2AB) 1839(11) 2890(6) 9456(12) 24(2) 
C(2A) 2360(20) 3645(18) 9600(20) 24(3) 
S(0) 4139(11) 7683(2) 9268(5) 42(1) 
C(0AA) 3156(8) 6804(4) 10610(10) 21(1) 
C(00V) 3059(10) 7624(6) 11024(10) 30(2) 
C(00S) 3340(40) 8120(20) 10360(30) 25(4) 
________________________________________________________________________________  
 
Table S17.   Bond lengths [Å] and angles [°] for F5BAI-PyrThio2. 
________________________________________________________________________________  
I(001)-C(00C)  2.034(2) 
S(003)-C(00P)  1.739(3) 
S(003)-C(00R)  1.741(13) 
F(005)-C(00G)  1.347(2) 
F(006)-C(00D)  1.340(3) 
F(007)-C(00N)  1.341(3) 
F(008)-C(00O)  1.340(3) 
F(009)-C(00F)  1.333(3) 
N(00A)-C(00I)  1.334(3) 
N(00A)-C(00J)  1.331(3) 
C(00B)-C(00E)  1.392(3) 
C(00B)-C(00I)  1.397(3) 
C(00B)-C(3)  1.451(12) 
C(00B)-C(3A)  1.508(18) 
C(00C)-C(00M)  1.190(3) 
C(00D)-C(00G)  1.375(3) 
C(00D)-C(00O)  1.376(3) 
C(00E)-H(00E)  0.9500 
C(00E)-C(00H)  1.397(3) 
C(00F)-C(00G)  1.377(3) 
C(00F)-C(00N)  1.383(3) 
C(00H)-C(00J)  1.399(3) 
C(00H)-C(00P)  1.465(3) 
C(00I)-H(00I)  0.9500 
C(00J)-H(00J)  0.9500 
C(00K)-C(00M)  1.433(3) 
C(00K)-C(00N)  1.387(3) 
C(00K)-C(00O)  1.396(3) 
C(00P)-C(00T)  1.397(7) 
C(00P)-S(0)  1.691(3) 
C(00P)-C(0AA)  1.415(7) 
C(00R)-H(00R)  0.9500 
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 C(00R)-C(00U)  1.291(19) 
C(00T)-H(00T)  0.9500 
C(00T)-C(00U)  1.421(11) 
C(00U)-H(00U)  0.9500 
S(0AA)-C(3)  1.729(10) 
S(0AA)-C(1AA)  1.721(7) 
C(2)-H(2)  0.9500 
C(2)-C(3)  1.392(15) 
C(2)-C(2AA)  1.393(17) 
C(2AA)-H(2AA)  0.9500 
C(2AA)-C(1AA)  1.352(7) 
C(1AA)-H(1AA)  0.9500 
C(3A)-S(0AB)  1.684(18) 
C(3A)-C(2A)  1.371(18) 
S(0AB)-C(1AB)  1.710(13) 
C(1AB)-H(1AB)  0.9500 
C(1AB)-C(2AB)  1.344(11) 
C(2AB)-H(2AB)  0.9500 
C(2AB)-C(2A)  1.38(3) 
C(2A)-H(2A)  0.9500 
S(0)-C(00S)  1.82(4) 
C(0AA)-H(0AA)  0.9500 
C(0AA)-C(00V)  1.430(11) 
C(00V)-H(00V)  0.9500 
C(00V)-C(00S)  1.18(5) 































































































Symmetry transformations used to generate equivalent atoms:  
Table S18.   Anisotropic displacement parameters  (Å2x 103) for F5BAI-PyrThio2.  The anisotropic
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]
______________________________________________________________________________  
U11 U22 U33 U23 U13 U12
______________________________________________________________________________ 
I(001) 13(1)  23(1) 16(1)  2(1) 7(1)  1(1) 
S(003) 36(2)  20(1) 41(2)  -5(1) 15(1)  -6(1)
F(005) 25(1)  50(1) 21(1)  5(1) 16(1) 9(1) 
F(006) 36(1)  36(1) 27(1)  -2(1) 9(1) 13(1) 
F(007) 27(1)  39(1) 29(1)  -7(1) 11(1) 2(1) 
F(008) 28(1) 33(1) 34(1) 10(1) 11(1) 1(1) 
F(009) 28(1) 41(1) 36(1) 4(1) 16(1) -5(1)
N(00A) 18(1) 24(1) 18(1) 2(1) 8(1) 0(1)
C(00B) 12(1) 15(1) 12(1) 2(1) 2(1) 1(1)
C(00C) 17(1) 30(1) 16(1) 4(1) 5(1) 3(1)
C(00D) 20(1) 33(1) 16(1) 1(1) 4(1) 10(1)
C(00E) 12(1) 18(1) 13(1) 3(1) 4(1) 1(1)
C(00F) 16(1) 35(1) 20(1) 6(1) 6(1) 2(1)
C(00G) 19(1) 42(1) 13(1) 6(1) 9(1) 10(1)
C(00H) 14(1) 16(1) 14(1) 3(1) 2(1) 0(1)
C(00I) 19(1) 20(1) 15(1) -1(1) 5(1) 3(1)
C(00J) 17(1) 19(1) 19(1) 5(1) 4(1) -2(1)
C(00K) 12(1) 36(1) 13(1) 6(1) 3(1) 8(1)
C(00M) 16(1) 37(1) 17(1) 6(1) 4(1) 5(1)
C(00N) 16(1) 33(1) 18(1) 1(1) 4(1) 6(1)
C(00O) 16(1) 32(1) 18(1) 8(1) 3(1) 4(1)
C(00P) 20(1) 16(1) 23(1) -1(1) 1(1) -2(1)
C(00R) 51(6) 17(2) 26(2) -3(1) 0(3) -2(2)
C(00T) 23(4) 15(3) 41(5) -14(3) 16(4) -4(2)
C(00U) 45(5) 34(4) 37(6) -20(4) 14(5) 2(3)
S(0AA) 22(1) 22(1) 19(1) 1(1) 10(1) -5(1)
C(2) 24(4) 24(5) 18(4) 4(3) 3(3) 4(4)
C(3) 14(3) 22(3) 9(4) 9(2) 5(3) 3(2)
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C(2AA) 32(3) 19(2) 23(4) -3(2) 5(2) 1(2) 
C(1AA) 28(3) 12(3) 29(5) 3(2) 8(3) -5(3)
C(3A) 20(6) 7(4) 11(7) -3(4) -7(4) -1(3)
S(0AB) 30(2) 19(2) 39(2) -12(2) 9(2) 0(2)
C(1AB) 26(5) 13(3) 39(9) -5(5) 6(5) -3(3)
C(2AB) 24(4) 21(5) 25(5) 5(3) 5(4) -3(4)
C(2A) 31(6) 20(6) 15(7) -1(4) -4(4) -6(4)
S(0) 76(4) 19(1) 33(1) 1(1) 20(2) -10(1)
C(0AA) 20(4) 13(2) 30(4) -5(2) 8(3) 0(2) 
C(00V) 38(4) 27(3) 22(4) -16(3) 2(4) 5(3) 
C(00S) 19(13) 17(6) 30(8) -10(5) -7(8) 3(7) 
______________________________________________________________________________ 
Table S19.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)
for F5BAI-PyrThio2. 
________________________________________________________________________________ 
x  y  z  U(eq) 
________________________________________________________________________________ 
H(00E) 2896 5245 9668 17 
H(00I) 4684 4103 7426 21 
H(00J) 5198 6439 8130 22 
H(00R) 3852 8710 10608 40 
H(00T) 2182 6531 10128 30 
H(00U) 2308 7949 10927 46 
H(2) 3221 3102 6997 27 
H(2AA) 2065 1999 7551 30 
H(1AA) 1414 2293 9476 28 
H(1AB) 1795 1942 8220 32 
H(2AB) 1359 2691 9980 28 
H(2A) 2253 4036 10219 28 
H(0AA) 2850 6349 10965 25 
H(00V) 2794 7758 11769 36 
H(00S) 3164 8683 10383 29 
________________________________________________________________________________ 
137
Figure S11. Centroid to centroid stacking distances (in Å) in the F5BAI-PyrThio2 crystal structure. 
Table S20.  Crystal data and structure refinement for F5BAI-PyrFur2. 
Identification code  JLN071417 
Empirical formula  C21 H9 F5 I N O2 
Formula weight  529.19 
Temperature  200 K 
Wavelength  1.54178 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 8.6980(15) Å  = 86.922(7) ° 
b = 10.4998(15) Å  = 70.756(6) ° 
c = 12.215(2) Å  = 68.527(4) ° 
Volume 977.2(3) Å3
Z 2 
Density (calculated) 1.798 Mg/m3
Absorption coefficient 13.480 mm-1
F(000) 512 
Crystal size 0.24 x 0.22 x 0.07 mm3
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 Theta range for data collection 3.844 to 68.418°. 
Index ranges -10<=h<=10, -12<=k<=12, -14<=l<=13 
Reflections collected 12356 
Independent reflections 3504 [R(int) = 0.0432] 
Completeness to theta = 67.679° 98.2 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.3201 and 0.1434 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3504 / 0 / 271 
Goodness-of-fit on F2 1.038 
Final R indices [I>2sigma(I)] R1 = 0.0381, wR2 = 0.1012 
R indices (all data) R1 = 0.0407, wR2 = 0.1040 
Extinction coefficient n/a 
Largest diff. peak and hole 0.998 and -0.563 e.Å-3 
 
Table S21.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for F5BAI-PyrFur2.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
I(1) 3332(1) 6323(1) 6461(1) 49(1) 
F(1) -1589(5) 4644(4) 9051(3) 79(1) 
F(2) -2794(7) 2871(5) 10415(3) 103(2) 
F(3) -570(8) 723(4) 11139(3) 107(2) 
F(4) 2864(8) 302(4) 10452(4) 119(2) 
F(5) 4090(6) 2073(4) 9071(4) 95(1) 
C(1) 2435(7) 5077(5) 7626(4) 54(1) 
C(2) 1920(7) 4322(5) 8269(4) 56(1) 
C(3) 1283(8) 3407(5) 9016(4) 56(1) 
C(4) -467(9) 3578(6) 9380(4) 61(1) 
C(5) -1090(10) 2679(7) 10082(5) 74(2) 
C(6) 28(12) 1590(7) 10451(5) 81(2) 
C(7) 1778(11) 1378(6) 10099(5) 81(2) 
C(8) 2405(9) 2279(6) 9401(5) 71(2) 
O(1) 4684(6) 11522(5) 2349(4) 78(1) 
O(2) 10239(6) 8439(5) 2784(4) 82(1) 
N(1) 4799(5) 7812(4) 4833(3) 51(1) 
C(9) 6541(7) 7444(5) 4533(4) 50(1) 
C(10) 7484(6) 8134(5) 3768(4) 45(1) 
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 C(11) 6569(6) 9264(5) 3287(4) 46(1) 
C(12) 4749(6) 9666(5) 3576(4) 46(1) 
C(13) 3939(7) 8898(5) 4356(4) 50(1) 
C(14) 9383(6) 7684(5) 3488(4) 50(1) 
C(15) 10455(10) 6584(7) 3795(6) 87(2) 
C(16) 12203(11) 6714(11) 3227(9) 113(3) 
C(17) 11968(10) 7773(13) 2651(8) 111(3) 
C(18) 3751(7) 10865(6) 3107(4) 53(1) 
C(19) 2021(7) 11557(6) 3297(5) 64(1) 
C(20) 1886(9) 12702(7) 2615(6) 75(2) 




Table S22.   Bond lengths [Å] and angles [°] for F5BAI-PyrFur2. 
________________________________________________________________________________
 
I(1)-C(1)  2.040(5) 
F(1)-C(4)  1.333(7) 
F(2)-C(5)  1.339(8) 
F(3)-C(6)  1.334(7) 
F(4)-C(7)  1.338(9) 
F(5)-C(8)  1.321(8) 
C(1)-C(2)  1.186(7) 
C(2)-C(3)  1.423(7) 
C(3)-C(4)  1.382(8) 
C(3)-C(8)  1.404(9) 
C(4)-C(5)  1.379(8) 
C(5)-C(6)  1.370(11) 
C(6)-C(7)  1.372(11) 
C(7)-C(8)  1.380(8) 
O(1)-C(18)  1.356(6) 
O(1)-C(21)  1.357(8) 
O(2)-C(14)  1.363(7) 
O(2)-C(17)  1.363(10) 
N(1)-C(9)  1.342(6) 
N(1)-C(13)  1.338(7) 
C(9)-H(9)  0.9500 
C(9)-C(10)  1.389(7) 
C(10)-C(11)  1.388(7) 
C(10)-C(14)  1.464(7) 
C(11)-H(11)  0.9500 
C(11)-C(12)  1.402(7) 
C(12)-C(13)  1.395(7) 
C(12)-C(18)  1.454(7) 
C(13)-H(13)  0.9500 
C(14)-C(15)  1.319(8) 
C(15)-H(15)  0.9500 
C(15)-C(16)  1.502(14) 
C(16)-H(16)  0.9500 
C(16)-C(17)  1.272(14) 
C(17)-H(17)  0.9500 
C(18)-C(19)  1.355(8) 
C(19)-H(19)  0.9500 
C(19)-C(20)  1.417(8) 
C(20)-H(20)  0.9500 
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 C(20)-C(21)  1.301(10) 

































































Symmetry transformations used to generate equivalent atoms:  
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Table S23.   Anisotropic displacement parameters (Å2 x 103) for F5BAI-PyrFur2.  The anisotropic
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]
______________________________________________________________________________  
U11 U22  U33 U23 U13 U12
______________________________________________________________________________ 
I(1) 50(1)  49(1) 42(1)  7(1) -4(1)  -23(1) 
F(1) 94(3)  106(3) 60(2)  24(2) -31(2)  -61(2) 
F(2) 130(4)  155(4) 67(2)  24(2) -23(2)  -113(3) 
F(3) 194(5)  84(2) 54(2)  14(2) -4(2)  -97(3) 
F(4) 166(5)  59(2) 78(3)  20(2) -4(3)  -17(3) 
F(5) 84(3)  78(2) 83(3)  17(2) 4(2)  -13(2) 
C(1) 57(3)  58(3) 41(2)  3(2) -2(2)  -27(2) 
C(2) 70(3)  59(3) 36(2)  -2(2) -5(2) -31(3)
C(3) 84(4) 52(3) 34(2) 0(2) -4(2) -40(3)
C(4) 93(4) 70(3) 35(2) 5(2) -16(3) -50(3)
C(5) 115(5) 91(4) 39(3) 5(3) -6(3) -79(4)
C(6) 145(7) 67(4) 32(3) 3(2) 1(3) -68(4)
C(7) 136(6) 45(3) 43(3) 8(2) 0(3) -39(3)
C(8) 90(4) 60(3) 42(3) -3(2) 4(3) -27(3)
O(1) 71(2) 101(3) 92(3) 58(3) -48(2) -55(2)
O(2) 74(3) 105(3) 77(3) 15(2) -15(2) -54(3)
N(1) 56(2) 55(2) 44(2) 7(2) -10(2) -31(2)
C(9) 61(3) 48(2) 42(2) 5(2) -15(2) -23(2)
C(10) 54(2) 51(2) 34(2) 0(2) -13(2) -25(2)
C(11) 58(3) 61(3) 31(2) 4(2) -13(2) -35(2)
C(12) 56(3) 58(3) 37(2) 6(2) -19(2) -32(2)
C(13) 54(3) 60(3) 42(2) 6(2) -12(2) -32(2)
C(14) 56(3) 59(3) 35(2) -2(2) -11(2) -26(2)
C(15) 93(5) 62(4) 70(4) 2(3) -24(4) 7(3)
C(16) 70(5) 125(7) 118(7) -37(6) -48(5) 15(5)
C(17) 54(4) 170(9) 110(7) -44(7) -10(4) -52(5)
C(18) 63(3) 69(3) 48(3) 19(2) -26(2) -42(3)
C(19) 61(3) 81(4) 63(3) 21(3) -25(3) -38(3)
C(20) 72(4) 84(4) 88(4) 33(3) -49(3) -34(3)
C(21) 84(4) 112(5) 111(5) 70(5) -63(4) -60(4)
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______________________________________________________________________________ 
Table S24.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)
for F5BAI-PyrFur2. 
________________________________________________________________________________ 
x  y  z  U(eq) 
________________________________________________________________________________ 
H(9) 7163 6668 4862 60 
H(11) 7173 9763 2765 56 
H(13) 2706 9161 4559 60 
H(15) 10190 5887 4257 104 
H(16) 13291 6112 3288 136 
H(17) 12879 8062 2188 133 
H(19) 1080 11321 3792 76 
H(20) 842 13382 2556 90 
H(21) 3777 13283 1572 107 
________________________________________________________________________________ 
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 NMR Analysis 
Figure S12. 1H NMR of 3,5-di(furan-2-yl)pyridine 
Figure S13. 13C NMR of 3,5-di(furan-2-yl)pyridine 
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Figure S14. 1H NMR of 3,5-di(thiophen-2-yl)pyridine 
Figure S15. 13C NMR of 3,5-di(thiophen-2-yl)pyridine 
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Table S24: Cartesian coordinates (Å) for the XB contact in the F5BAI-PyrFur2 co crystal. 
atom x y z 
I -13.43010 2.40270 15.56790
F -9.54720 4.27110 12.59020 
F -8.36680 6.12340 11.02170 
F -9.76710 8.28580 10.18920 
F -12.31560 8.63680 10.97920
F -13.50670 6.78500 12.56720
C -12.64000 3.72280 14.22880
C -12.16080 4.51700 13.48940
C -11.55580 5.47670 12.63040
C -10.24590 5.34160 12.21190
C -9.64110 6.28170 11.40460 
C -10.34350 7.37820 10.98030
C -11.64250 7.55440 11.38510
C -12.25310 6.61270 12.18770
O -14.94890 -3.03840 20.29680
O -18.77080 0.01220 19.79660
N -14.62300 0.80490 17.44040
C -15.87600 1.13810 17.78540
H -16.25150 1.92480 17.40750
C -16.65340 0.39670 18.66510
C -16.09820 -0.74970 19.21820
H -16.60530 -1.28340 19.81840
C -14.78610 -1.11710 18.88580
C -14.10040 -0.29810 17.98890
H -13.21120 -0.53700 17.75510
C -18.01950 0.81180 18.98700
C -18.65270 1.91360 18.63400
H -18.34020 2.63520 18.10240
C -19.99440 1.73660 19.28720
H -20.73350 2.33000 19.21730
C -19.96520 0.65130 19.94950
H -20.68200 0.32820 20.48210
C -14.19000 -2.32990 19.42510
C -13.02770 -2.98930 19.20670
H -12.31770 -2.71490 18.63770
C -13.07580 -4.16800 19.99090
H -12.40540 -4.83730 20.05860
C -14.22550 -4.14620 20.60030
H -14.52420 -4.82790 21.19030
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Table S25: Cartesian coordinates (Å) for the Donor-Acceptor π-Stacking contact in the 
F5BAI-PyrFur2 co crystal. 
atom x y z 
O 31.51650 11.93060 -8.79780
O 35.33830 8.87990 -8.29760
N 31.19060 8.08720 -5.94150
C 32.44350 7.75400 -6.28650
H 32.81900 6.96730 -5.90850
C 33.22100 8.49550 -7.16610
C 32.66580 9.64180 -7.71920
H 33.17280 10.17560 -8.31950
C 31.35360 10.00920 -7.38690
C 30.66790 9.19030 -6.49000
H 29.77870 9.42920 -6.25620
C 34.58700 8.08040 -7.48810
C 35.22030 6.97860 -7.13510
H 34.90770 6.25690 -6.60350
C 36.56200 7.15550 -7.78820
H 37.30100 6.56210 -7.71830
C 36.53270 8.24090 -8.45060
H 37.24950 8.56400 -8.98320
C 30.75760 11.22200 -7.92620
C 29.59530 11.88150 -7.70770
H 28.88520 11.60700 -7.13880
C 29.64340 13.06020 -8.49200
H 28.97290 13.72950 -8.55970
C 30.79310 13.03840 -9.10140
H 31.09170 13.72000 -9.69140
I 30.70600 4.16050 -7.42990
F 34.58880 6.02880 -10.40770
F 35.76930 7.88110 -11.97610
F 34.36900 10.04350 -12.80870
F 31.82050 10.39450 -12.01870
F 30.62940 8.54270 -10.43070
C 31.49600 5.48050 -8.76910
C 31.97530 6.27470 -9.50850
C 32.58030 7.23440 -10.36740
C 33.89020 7.09930 -10.78600
C 34.49500 8.03940 -11.59320
C 33.79260 9.13590 -12.01750
C 32.49360 9.31210 -11.61280
C 31.88300 8.37040 -10.81010
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Table S26: Cartesian coordinates (Å) for the Donor-Donor π-Stacking contact in the F5BAI-
PyrFur2 co crystal. 
atom x y z 
I 21.48200 -4.16050 7.42990 
F 17.59920 -6.02880 10.40770 
F 16.41870 -7.88110 11.97610 
F 17.81900 -10.04350 12.80870 
F 20.36750 -10.39450 12.01870 
F 21.55860 -8.54270 10.43070 
C 20.69200 -5.48050 8.76910 
C 20.21270 -6.27470 9.50850 
C 19.60770 -7.23440 10.36740 
C 18.29780 -7.09930 10.78600 
C 17.69300 -8.03940 11.59320 
C 18.39540 -9.13590 12.01750 
C 19.69440 -9.31210 11.61280 
C 20.30500 -8.37040 10.81010 
I 17.51830 -7.36830 15.56790 
F 21.40120 -5.49990 12.59020 
F 22.58160 -3.64770 11.02170 
F 21.18130 -1.48520 10.18920 
F 18.63280 -1.13420 10.97920 
F 17.44170 -2.98600 12.56720 
C 18.30840 -6.04830 14.22880 
C 18.78760 -5.25400 13.48940 
C 19.39270 -4.29430 12.63040 
C 20.70250 -4.42940 12.21190 
C 21.30730 -3.48930 11.40460 
C 20.60490 -2.39280 10.98030 
C 19.30600 -2.21660 11.38510 
C 18.69530 -3.15830 12.18770 
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Table S27: Cartesian coordinates (Å) for the Acceptor-Acceptor π-Stacking contact in the 
F5BAI-PyrFur2 co crystal. 
atom x y z 
O 17.96400 21.70160 -8.79780 
O 21.78590 18.65100 -8.29760 
N 17.63810 17.85820 -5.94150 
C 18.89110 17.52500 -6.28650 
H 19.26660 16.73830 -5.90850 
C 19.66860 18.26650 -7.16610 
C 19.11340 19.41290 -7.71920 
H 19.62040 19.94660 -8.31950 
C 17.80120 19.78030 -7.38690 
C 17.11550 18.96130 -6.49000 
H 16.22630 19.20020 -6.25620 
C 21.03460 17.85140 -7.48810 
C 21.66790 16.74960 -7.13510 
H 21.35530 16.02800 -6.60350 
C 23.00960 16.92650 -7.78820 
H 23.74860 16.33310 -7.71830 
C 22.98030 18.01190 -8.45060 
H 23.69710 18.33500 -8.98320 
C 17.20520 20.99300 -7.92620 
C 16.04290 21.65250 -7.70770 
H 15.33280 21.37810 -7.13880 
C 16.09100 22.83120 -8.49200 
H 15.42050 23.50050 -8.55970 
C 17.24060 22.80940 -9.10140 
H 17.53930 23.49100 -9.69140 
O 19.47830 18.26130 -2.70110
O 15.65640 21.31200 -3.20130
N 19.80420 22.10470 -5.55740
C 18.55130 22.43790 -5.21250
H 18.17580 23.22460 -5.59040
C 17.77380 21.69640 -4.33280
C 18.32900 20.55010 -3.77970
H 17.82200 20.01630 -3.17940
C 19.64120 20.18270 -4.11200
C 20.32690 21.00160 -5.00890
H 21.21610 20.76270 -5.24270
C 16.40780 22.11150 -4.01080
C 15.77450 23.21330 -4.36380
H 16.08700 23.93500 -4.89540
C 14.43280 23.03640 -3.71070
H 13.69370 23.62980 -3.78060
C 14.46210 21.95100 -3.04840
H 13.74530 21.62790 -2.51580
C 20.23720 18.96990 -3.57270
C 21.39950 18.31040 -3.79120
H 22.10960 18.58490 -4.36020
C 21.35140 17.13170 -3.00700
H 22.02190 16.46240 -2.93920
C 20.20170 17.15350 -2.39750
H 19.90310 16.47190 -1.80750
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Table S28: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrFur2 co crystal. 
x yatom   z 
I 29.99770 6.48940 -4.06900
F 26.11480 4.62110 -1.09120
F 24.93430 2.76880 0.47720
F 26.33470 0.60630 1.30970
F 28.88320 0.25540 0.51980
F 30.07420 2.10720 -1.06830
C 29.20760 5.16940 -2.72980
C 28.72830 4.37520 -1.99050
C 28.12330 3.41550 -1.13150
C 26.81340 3.55060 -0.71290
C 26.20860 2.61040 0.09430
C 26.91110 1.51400 0.51860
C 28.21000 1.33770 0.11380
C 28.82070 2.27950 -0.68880
O 31.69880 1.28070 2.70110
O 35.52070 -1.76990 3.20130
N 31.37290 -2.56270 5.55740
C 32.62590 -2.89590 5.21250
H 33.00140 -3.68260 5.59040
C 33.40340 -2.15440 4.33280 
C 32.84820 -1.00800 3.77970 
H 33.35520 -0.47430 3.17940 
C 31.53600 -0.64060 4.11200 
C 30.85030 -1.45960 5.00890 
H 29.96110 -1.22070 5.24270 
C 34.76940 -2.56950 4.01080 
C 35.40260 -3.67130 4.36380 
H 35.09010 -4.39290 4.89540 
C 36.74430 -3.49440 3.71070 
H 37.48340 -4.08780 3.78060 
C 36.71510 -2.40900 3.04840 
H 37.43190 -2.08590 2.51580 
C 30.94000 0.57210 3.57270 
C 29.77770 1.23160 3.79120 
H 29.06760 0.95720 4.36020 
C 29.82580 2.41030 3.00700 
H 29.15530 3.07960 2.93920 
C 30.97540 2.38850 2.39750 
H 31.27410 3.07020 1.80750 
150
Table S29: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact 
in the F5BAI-PyrFur2 co crystal. 
x yatom   z 
I 29.99770 6.48940 -4.06900 
F 26.11480 4.62110 -1.09120
F 24.93430 2.76880 0.47720 
F 26.33470 0.60630 1.30970 
F 28.88320 0.25540 0.51980 
F 30.07420 2.10720 -1.06830
C 29.20760 5.16940 -2.72980
C 28.72830 4.37520 -1.99050
C 28.12330 3.41550 -1.13150
C 26.81340 3.55060 -0.71290
C 26.20860 2.61040 0.09430
C 26.91110 1.51400 0.51860
C 28.21000 1.33770 0.11380
C 28.82070 2.27950 -0.68880
O 18.14640 11.05170 2.70110
O 21.96830 8.00110 3.20130
N 17.82050 7.20840 5.55740
C 19.07350 6.87510 5.21250
H 19.44900 6.08840 5.59040
C 19.85090 7.61660 4.33280 
C 19.29570 8.76300 3.77970 
H 19.80280 9.29670 3.17940 
C 17.98360 9.13040 4.11200 
C 17.29790 8.31140 5.00890 
H 16.40870 8.55030 5.24270 
C 21.21700 7.20150 4.01080 
C 21.85020 6.09970 4.36380 
H 21.53770 5.37810 4.89540 
C 23.19190 6.27660 3.71070 
H 23.93100 5.68320 3.78060 
C 23.16270 7.36200 3.04840 
H 23.87950 7.68510 2.51580 
C 17.38750 10.34310 3.57270 
C 16.22530 11.00260 3.79120 
H 15.51520 10.72820 4.36020 
C 16.27340 12.18130 3.00700 
H 15.60290 12.85060 2.93920 
C 17.42300 12.15950 2.39750 
H 17.72170 12.84120 1.80750 
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Table S30: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrFur2 co crystal. 
atom x y 




































C 30.75760 11.22200 -7.92620
C 29.59530 11.88150 -7.70770
H 28.88520 11.60700 -7.13880
C 29.64340 13.06020 -8.49200
H 28.97290 13.72950 -8.55970
C 30.79310 13.03840 -9.10140
H 31.09170 13.72000 -9.69140
I 34.54950 13.93150 -7.42990
F 38.43240 15.79980 -10.40770
F 39.61290 17.65210 -11.97610
F 38.21250 19.81450 -12.80870
F 35.66410 20.16550 -12.01870
F 34.47300 18.31370 -10.43070
C 35.33960 15.25150 -8.76910
C 35.81890 16.04570 -9.50850
C 36.42390 17.00540 -10.36740
C 37.73380 16.87030 -10.78600
C 38.33860 17.81040 -11.59320
C 37.63620 18.90690 -12.01750
C 36.33720 19.08310 -11.61280
C 35.72650 18.14140 -10.81010
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Table S31: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrFur2 co crystal. 
atom x y z 
I 30.18000 -4.16050 7.42990 
F 26.29720 -6.02880 10.40770 
F 25.11670 -7.88110 11.97610 
F 26.51700 -10.04350 12.80870 
F 29.06550 -10.39450 12.01870 
F 30.25660 -8.54270 10.43070 
C 29.39000 -5.48050 8.76910 
C 28.91070 -6.27470 9.50850 
C 28.30570 -7.23440 10.36740 
C 26.99580 -7.09930 10.78600 
C 26.39100 -8.03940 11.59320 
C 27.09340 -9.13590 12.01750 
C 28.39240 -9.31210 11.61280 
C 29.00300 -8.37040 10.81010 
O 23.00080 1.28070 2.70110 
O 26.82270 -1.76990 3.20130 
N 22.67490 -2.56270 5.55740 
C 23.92790 -2.89590 5.21250 
H 24.30340 -3.68260 5.59040 
C 24.70540 -2.15440 4.33280 
C 24.15020 -1.00800 3.77970 
H 24.65720 -0.47430 3.17940 
C 22.83800 -0.64060 4.11200 
C 22.15230 -1.45960 5.00890 
H 21.26310 -1.22070 5.24270 
C 26.07140 -2.56950 4.01080 
C 26.70460 -3.67130 4.36380 
H 26.39210 -4.39290 4.89540 
C 28.04630 -3.49440 3.71070 
H 28.78540 -4.08780 3.78060 
C 28.01710 -2.40900 3.04840 
H 28.73390 -2.08590 2.51580 
C 22.24200 0.57210 3.57270 
C 21.07970 1.23160 3.79120 
H 20.36960 0.95720 4.36020 
C 21.12780 2.41030 3.00700 
H 20.45730 3.07960 2.93920 
C 22.27740 2.38850 2.39750 
H 22.57610 3.07020 1.80750 
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Table S32: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrFur2 co crystal. 
atom x y z 
I 16.26290 26.91030 -15.56790
F 12.38000 25.04200 -12.59020
F 11.19960 23.18970 -11.02170
F 12.59990 21.02720 -10.18920
F 15.14840 20.67620 -10.97920
F 16.33950 22.52810 -12.56720
C 15.47280 25.59030 -14.22880
C 14.99350 24.79610 -13.48940
C 14.38850 23.83640 -12.63040
C 13.07860 23.97140 -12.21190
C 12.47380 23.03130 -11.40460
C 13.17630 21.93480 -10.98030
C 14.47520 21.75860 -11.38510
C 15.08590 22.70030 -12.18770
O 10.78030 18.26130 -2.70110
O 6.95840 21.31200 -3.20130
N 11.10620 22.10470 -5.55740
C 9.85330 22.43790 -5.21250
H 9.47780 23.22460 -5.59040
C 9.07580 21.69640 -4.33280
C 9.63100 20.55010 -3.77970
H 9.12400 20.01630 -3.17940
C 10.94320 20.18270 -4.11200
C 11.62890 21.00160 -5.00890
H 12.51810 20.76270 -5.24270
C 7.70980 22.11150 -4.01080
C 7.07650 23.21330 -4.36380
H 7.38900 23.93500 -4.89540
C 5.73480 23.03640 -3.71070
H 4.99570 23.62980 -3.78060
C 5.76410 21.95100 -3.04840
H 5.04730 21.62790 -2.51580
C 11.53920 18.96990 -3.57270
C 12.70150 18.31040 -3.79120
H 13.41160 18.58490 -4.36020
C 12.65340 17.13170 -3.00700
H 13.32390 16.46240 -2.93920
C 11.50370 17.15350 -2.39750
H 11.20510 16.47190 -1.80750
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Table S33: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrFur2 co crystal. 
atom x y z 
I 29.99770 6.48940 -4.06900 
F 26.11480 4.62110 -1.09120
F 24.93430 2.76880 0.47720 
F 26.33470 0.60630 1.30970 
F 28.88320 0.25540 0.51980 
F 30.07420 2.10720 -1.06830
C 29.20760 5.16940 -2.72980
C 28.72830 4.37520 -1.99050
C 28.12330 3.41550 -1.13150
C 26.81340 3.55060 -0.71290
C 26.20860 2.61040 0.09430
C 26.91110 1.51400 0.51860
C 28.21000 1.33770 0.11380
C 28.82070 2.27950 -0.68880
O 24.33270 8.49030 -2.70110
O 20.51090 11.54090 -3.20130
N 24.65860 12.33370 -5.55740
C 23.40570 12.66690 -5.21250
H 23.03020 13.45360 -5.59040
C 22.62820 11.92540 -4.33280
C 23.18340 10.77900 -3.77970
H 22.67640 10.24530 -3.17940
C 24.49560 10.41160 -4.11200
C 25.18130 11.23060 -5.00890
H 26.07050 10.99170 -5.24270
C 21.26220 12.34050 -4.01080
C 20.62890 13.44230 -4.36380
H 20.94150 14.16390 -4.89540
C 19.28720 13.26540 -3.71070
H 18.54820 13.85880 -3.78060
C 19.31650 12.18000 -3.04840
H 18.59970 11.85690 -2.51580
C 25.09160 9.19890 -3.57270
C 26.25390 8.53940 -3.79120
H 26.96400 8.81380 -4.36020
C 26.20580 7.36070 -3.00700
H 26.87630 6.69140 -2.93920
C 25.05620 7.38250 -2.39750
H 24.75750 6.70090 -1.80750
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Table S34: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrFur2 co crystal. 
atom x y z 
I 25.14320 16.26040 -4.06900
F 21.26040 14.39210 -1.09120
F 20.07990 12.53980 0.47720
F 21.48020 10.37740 1.30970
F 24.02870 10.02640 0.51980
F 25.21980 11.87820 -1.06830
C 24.35320 14.94040 -2.72980
C 23.87390 14.14620 -1.99050
C 23.26890 13.18650 -1.13150
C 21.95900 13.32160 -0.71290
C 21.35420 12.38150 0.09430
C 22.05660 11.28500 0.51860
C 23.35560 11.10880 0.11380
C 23.96630 12.05050 -0.68880
O 33.03070 8.49030 -2.70110
O 29.20890 11.54090 -3.20130
N 33.35660 12.33370 -5.55740
C 32.10370 12.66690 -5.21250
H 31.72820 13.45360 -5.59040
C  31.32620  11.92540  -4.33280
C 31.88140 10.77900 -3.77970
H 31.37440 10.24530 -3.17940
C 33.19360 10.41160 -4.11200
C 33.87930 11.23060 -5.00890
H 34.76850 10.99170 -5.24270
C 29.96020 12.34050 -4.01080
C 29.32690 13.44230 -4.36380
H 29.63950 14.16390 -4.89540
C 27.98520 13.26540 -3.71070
H 27.24620 13.85880 -3.78060
C 28.01450 12.18000 -3.04840
H 27.29770 11.85690 -2.51580
C 33.78960 9.19890 -3.57270
C 34.95190 8.53940 -3.79120
H 35.66200 8.81380 -4.36020
C 34.90380 7.36070 -3.00700
H 35.57430 6.69140 -2.93920
C 33.75420 7.38250 -2.39750
H 33.45550 6.70090 -1.80750
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Table S35: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrFur2 co crystal. 
atom x y z 
O 19.47830 18.26130 -2.70110
O 15.65640 21.31200 -3.20130
N 19.80420 22.10470 -5.55740
C 18.55130 22.43790 -5.21250
H 18.17580 23.22460 -5.59040
C 17.77380 21.69640 -4.33280
C 18.32900 20.55010 -3.77970
H 17.82200 20.01630 -3.17940
C 19.64120 20.18270 -4.11200
C 20.32690 21.00160 -5.00890
H 21.21610 20.76270 -5.24270
C 16.40780 22.11150 -4.01080
C 15.77450 23.21330 -4.36380
H 16.08700 23.93500 -4.89540
C 14.43280 23.03640 -3.71070
H 13.69370 23.62980 -3.78060
C 14.46210 21.95100 -3.04840
H 13.74530 21.62790 -2.51580
C 20.23720 18.96990 -3.57270
C  21.39950  18.31040  -3.79120
H 22.10960 18.58490 -4.36020
C 21.35140 17.13170 -3.00700
H 22.02190 16.46240 -2.93920
C 20.20170 17.15350 -2.39750
H 19.90310 16.47190 -1.80750
I 12.48150 13.05260 4.06900
F 16.36440 14.92100 1.09120
F 17.54480 16.77320 -0.47720
F 16.14450 18.93570 -1.30970
F 13.59600 19.28670 -0.51980
F 12.40490 17.43480 1.06830
C 13.27160 14.37260 2.72980
C 13.75090 15.16690 1.99050
C 14.35590 16.12660 1.13150
C 15.66570 15.99150 0.71290
C 16.27050 16.93160 -0.09430
C 15.56810 18.02810 -0.51860
C 14.26920 18.20430 -0.11380
C 13.65850 17.26260 0.68880
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Table S36: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrFur2 co crystal. 
atom x y z 
I 25.14320 16.26040 -4.06900 
F 21.26040 14.39210 -1.09120
F 20.07990 12.53980 0.47720 
F 21.48020 10.37740 1.30970 
F 24.02870 10.02640 0.51980 
F 25.21980 11.87820 -1.06830
C 24.35320 14.94040 -2.72980
C 23.87390 14.14620 -1.99050
C 23.26890 13.18650 -1.13150
C 21.95900 13.32160 -0.71290
C 21.35420 12.38150 0.09430
C 22.05660 11.28500 0.51860
C 23.35560 11.10880 0.11380
C 23.96630 12.05050 -0.68880
I 17.33590 3.28160 4.06900 
F 21.21880 5.14990 1.09120 
F 22.39920 7.00220 -0.47720
F 20.99890 9.16470 -1.30970
F 18.45040 9.51570 -0.51980
F 17.25930 7.66380 1.06830
C 18.12600 4.60160 2.72980
C 18.60530 5.39580 1.99050
C 19.21030 6.35550 1.13150
C 20.52020 6.22050 0.71290
C 21.12500 7.16060 -0.09430
C 20.42250 8.25710 -0.51860
C 19.12360 8.43330 -0.11380
C 18.51290 7.49160 0.68880
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Table S37: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in 
the F5BAI-PyrFur2 co crystal. 
x z
I 21.48200 -4.16050 7.42990 
F 17.59920 -6.02880 10.40770 
F 16.41870 -7.88110 11.97610 
F 17.81900 -10.04350 12.80870 
F 20.36750 -10.39450 12.01870 
F 21.55860 -8.54270 10.43070 
C 20.69200 -5.48050 8.76910 
C 20.21270 -6.27470 9.50850 
C 19.60770 -7.23440 10.36740 
C 18.29780 -7.09930 10.78600 
C 17.69300 -8.03940 11.59320 
C 18.39540 -9.13590 12.01750 
C 19.69440 -9.31210 11.61280 
C 20.30500 -8.37040 10.81010 
I 22.19030atom  y    -6.48940 4.06900 
F 26.07320 -4.62110 1.09120 
F 27.25370 -2.76880 -0.47720
F 25.85330 -0.60630 -1.30970
F 23.30480 -0.25540 -0.51980
F 22.11380 -2.10720 1.06830
C 22.98040 -5.16940 2.72980
C 23.45970 -4.37520 1.99050
C 24.06470 -3.41550 1.13150
C 25.37460 -3.55060 0.71290
C 25.97940 -2.61040 -0.09430
C 25.27690 -1.51400 -0.51860
C 23.97800 -1.33770 -0.11380
C 23.36730 -2.27950 0.68880
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Table S38: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in 
the F5BAI-PyrFur2 co crystal. 
x z
I 12.96640 -14.81040 18.92890 
F 9.08350 -16.67870 21.90660 
F 7.90310 -18.53100 23.47510 
F 9.30340 -20.69340 24.30760 
F 11.85190 -21.04440 23.51760 
F 13.04300 -19.19260 21.92960 
C 12.17630 -16.13040 20.26800 
C 11.69710 -16.92460 21.00740 
C 11.09210 -17.88430 21.86640 
C 9.78220 -17.74920 22.28490 
C 9.17740 -18.68930 23.09220 
C 9.87980 -19.78580 23.51650 
C 11.17880 -19.96200 23.11170 
C 11.78940 -19.02030 22.30910 
I 4.26840atom  y        -14.81040 18.92890
F 0.38550 -16.67870 21.90660
F -0.79490 -18.53100 23.47510
F 0.60540 -20.69340 24.30760
F 3.15390 -21.04440 23.51760
F 4.34500 -19.19260 21.92960
C 3.47830 -16.13040 20.26800
C 2.99910 -16.92460 21.00740
C 2.39410 -17.88430 21.86640
C 1.08420 -17.74920 22.28490
C 0.47940 -18.68930 23.09220
C 1.18180 -19.78580 23.51650
C 2.48080 -19.96200 23.11170
C 3.09140 -19.02030 22.30910
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Table S39: Cartesian coordinates (Å) for the Donor-Donor Edge-Edge contact in the F5BAI-
PyrFur2 co crystal. 
atom x y z 
I 21.29970 6.48940 -4.06900 
F 17.41680 4.62110 -1.09120
F 16.23630 2.76880 0.47720 
F 17.63670 0.60630 1.30970 
F 20.18520 0.25540 0.51980 
F 21.37620 2.10720 -1.06830
C 20.50960 5.16940 -2.72980
C 20.03030 4.37520 -1.99050
C 19.42530 3.41550 -1.13150
C 18.11540 3.55060 -0.71290
C 17.51060 2.61040 0.09430
C 18.21310 1.51400 0.51860
C 19.51200 1.33770 0.11380
C 20.12270 2.27950 -0.68880
I  22.19030  -6.48940 4.06900 
F  26.07320  -4.62110 1.09120 
F 27.25370 -2.76880 -0.47720
F 25.85330 -0.60630 -1.30970
F 23.30480 -0.25540 -0.51980
F 22.11380 -2.10720 1.06830
C 22.98040 -5.16940 2.72980
C 23.45970 -4.37520 1.99050
C 24.06470 -3.41550 1.13150
C 25.37460 -3.55060 0.71290
C 25.97940 -2.61040 -0.09430
C 25.27690 -1.51400 -0.51860
C 23.97800 -1.33770 -0.11380
C 23.36730 -2.27950 0.68880
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Table S40: Cartesian coordinates (Å) for the Acceptor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrFur2 co crystal. 
atom x y z 
O 31.51650 11.93060 -8.79780
O 35.33830 8.87990 -8.29760
N 31.19060 8.08720 -5.94150
C 32.44350 7.75400 -6.28650
H 32.81900 6.96730 -5.90850
C 33.22100 8.49550 -7.16610
C 32.66580 9.64180 -7.71920
H 33.17280 10.17560 -8.31950
C 31.35360 10.00920 -7.38690
C 30.66790 9.19030 -6.49000
H 29.77870 9.42920 -6.25620
C 34.58700 8.08040 -7.48810
C 35.22030 6.97860 -7.13510
H 34.90770 6.25690 -6.60350
C 36.56200 7.15550 -7.78820
H 37.30100 6.56210 -7.71830
C 36.53270 8.24090 -8.45060
H 37.24950 8.56400 -8.98320
C 30.75760 11.22200 -7.92620
C 29.59530 11.88150 -7.70770
H 28.88520 11.60700 -7.13880
C 29.64340 13.06020 -8.49200
H 28.97290 13.72950 -8.55970
C 30.79310 13.03840 -9.10140
H  31.09170  13.72000  -9.69140
O 26.66200 21.70160 -8.79780
O 30.48390 18.65100 -8.29760
N 26.33610 17.85820 -5.94150
C 27.58910 17.52500 -6.28650
H 27.96460 16.73830 -5.90850
C 28.36660 18.26650 -7.16610
C 27.81140 19.41290 -7.71920
H 28.31840 19.94660 -8.31950
C 26.49920 19.78030 -7.38690
C 25.81350 18.96130 -6.49000
H 24.92430 19.20020 -6.25620
C 29.73260 17.85140 -7.48810
C 30.36590 16.74960 -7.13510
H 30.05330 16.02800 -6.60350
C 31.70760 16.92650 -7.78820
H 32.44660 16.33310 -7.71830
C 31.67830 18.01190 -8.45060
H 32.39510 18.33500 -8.98320
C 25.90320 20.99300 -7.92620
C 24.74090 21.65250 -7.70770
H 24.03080 21.37810 -7.13880
C 24.78900 22.83120 -8.49200
H 24.11850 23.50050 -8.55970
C 25.93860 22.80940 -9.10140
H 26.23730 23.49100 -9.69140
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Table S41: Cartesian coordinates (Å) for the Acceptor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrFur2 co crystal. 
atom x y z 
O 31.51650 11.93060 -8.79780
O 35.33830 8.87990 -8.29760
N 31.19060 8.08720 -5.94150
C 32.44350 7.75400 -6.28650
H 32.81900 6.96730 -5.90850
C 33.22100 8.49550 -7.16610
C 32.66580 9.64180 -7.71920
H 33.17280 10.17560 -8.31950
C 31.35360 10.00920 -7.38690
C 30.66790 9.19030 -6.49000
H 29.77870 9.42920 -6.25620
C 34.58700 8.08040 -7.48810
C 35.22030 6.97860 -7.13510
H 34.90770 6.25690 -6.60350
C 36.56200 7.15550 -7.78820
H 37.30100 6.56210 -7.71830
C 36.53270 8.24090 -8.45060
H 37.24950 8.56400 -8.98320
C 30.75760 11.22200 -7.92620
C 29.59530 11.88150 -7.70770
H 28.88520 11.60700 -7.13880
C 29.64340 13.06020 -8.49200
H 28.97290 13.72950 -8.55970
C 30.79310 13.03840 -9.10140
H  31.09170  13.72000  -9.69140
O 26.66200 21.70160 -8.79780
O 30.48390 18.65100 -8.29760
N 26.33610 17.85820 -5.94150
C 27.58910 17.52500 -6.28650
H 27.96460 16.73830 -5.90850
C 28.36660 18.26650 -7.16610
C 27.81140 19.41290 -7.71920
H 28.31840 19.94660 -8.31950
C 26.49920 19.78030 -7.38690
C 25.81350 18.96130 -6.49000
H 24.92430 19.20020 -6.25620
C 29.73260 17.85140 -7.48810
C 30.36590 16.74960 -7.13510
H 30.05330 16.02800 -6.60350
C 31.70760 16.92650 -7.78820
H 32.44660 16.33310 -7.71830
C 31.67830 18.01190 -8.45060
H 32.39510 18.33500 -8.98320
C 25.90320 20.99300 -7.92620
C 24.74090 21.65250 -7.70770
H 24.03080 21.37810 -7.13880
C 24.78900 22.83120 -8.49200
H 24.11850 23.50050 -8.55970
C 25.93860 22.80940 -9.10140
H 26.23730 23.49100 -9.69140
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Table S42: Cartesian coordinates (Å) for the Acceptor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrFur2 co crystal. 
atom x y z 
O 18.14640 11.05170 2.70110 
O 21.96830 8.00110 3.20130 
N 17.82050 7.20840 5.55740 
C 19.07350 6.87510 5.21250 
H 19.44900 6.08840 5.59040 
C 19.85090 7.61660 4.33280 
C 19.29570 8.76300 3.77970 
H 19.80280 9.29670 3.17940 
C 17.98360 9.13040 4.11200 
C 17.29790 8.31140 5.00890 
H 16.40870 8.55030 5.24270 
C 21.21700 7.20150 4.01080 
C 21.85020 6.09970 4.36380 
H 21.53770 5.37810 4.89540 
C 23.19190 6.27660 3.71070 
H 23.93100 5.68320 3.78060 
C 23.16270 7.36200 3.04840 
H 23.87950 7.68510 2.51580 
C 17.38750 10.34310 3.57270 
C 16.22530 11.00260 3.79120 
H 15.51520 10.72820 4.36020 
C 16.27340 12.18130 3.00700 
H 15.60290 12.85060 2.93920 
C 17.42300 12.15950 2.39750 
H 17.72170 12.84120 1.80750 
O  24.33270  8.49030  -2.70110
O  20.51090  11.54090  -3.20130
N  24.65860  12.33370  -5.55740
C  23.40570  12.66690  -5.21250
H  23.03020  13.45360  -5.59040
C  22.62820  11.92540  -4.33280
C  23.18340  10.77900  -3.77970
H  22.67640  10.24530  -3.17940
C  24.49560  10.41160  -4.11200
C  25.18130  11.23060  -5.00890
H  26.07050  10.99170  -5.24270
C  21.26220  12.34050  -4.01080
C  20.62890  13.44230  -4.36380
H  20.94150  14.16390  -4.89540
C  19.28720  13.26540  -3.71070
H  18.54820  13.85880  -3.78060
C  19.31650  12.18000  -3.04840
H  18.59970  11.85690  -2.51580
C  25.09160  9.19890  -3.57270
C  26.25390  8.53940  -3.79120
H 26.96400 8.81380 -4.36020
C 26.20580 7.36070 -3.00700
H 26.87630 6.69140 -2.93920
C  25.05620  7.38250  -2.39750
H 24.75750 6.70090 -1.80750
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Table S43: Cartesian coordinates (Å) for the Acceptor-Acceptor Edge-Edge contact in the 
F5BAI-PyrFur2 co crystal. 
atom x y z 
O 22.81850 11.93060 -8.79780 
O 26.64030 8.87990 -8.29760 
N 22.49260 8.08720 -5.94150 
C 23.74550 7.75400 -6.28650 
H 24.12100 6.96730 -5.90850 
C 24.52300 8.49550 -7.16610 
C 23.96780 9.64180 -7.71920 
H 24.47480 10.17560 -8.31950 
C 22.65560 10.00920 -7.38690 
C 21.96990 9.19030 -6.49000 
H 21.08070 9.42920 -6.25620 
C 25.88900 8.08040 -7.48810 
C 26.52230 6.97860 -7.13510 
H 26.20970 6.25690 -6.60350 
C 27.86400 7.15550 -7.78820 
H 28.60300 6.56210 -7.71830 
C 27.83470 8.24090 -8.45060 
H 28.55150 8.56400 -8.98320 
C 22.05960 11.22200 -7.92620
C 20.89730 11.88150 -7.70770
H 20.18720 11.60700 -7.13880
C 20.94540 13.06020 -8.49200
H 20.27490 13.72950 -8.55970
C 22.09510 13.03840 -9.10140
H  22.39370  13.72000 -9.69140
O  29.18720  -1.28070 -2.70110
O 25.36530 1.76990 -3.20130
N 29.51310 2.56270 -5.55740
C 28.26010 2.89590 -5.21250
H 27.88460 3.68260 -5.59040
C 27.48260 2.15440 -4.33280
C 28.03780 1.00800 -3.77970
H 27.53080 0.47430 -3.17940
C 29.35000 0.64060 -4.11200
C 30.03570 1.45960 -5.00890
H 30.92490 1.22070 -5.24270
C 26.11660 2.56950 -4.01080
C 25.48340 3.67130 -4.36380
H 25.79590 4.39290 -4.89540
C 24.14170 3.49440 -3.71070
H 23.40260 4.08780 -3.78060
C 24.17090 2.40900 -3.04840
H 23.45410 2.08590 -2.51580
C 29.94600 -0.57210 -3.57270
C 31.10830 -1.23160 -3.79120
H 31.81840 -0.95720 -4.36020
C 31.06020 -2.41030 -3.00700
H 31.73070 -3.07960 -2.93920
C 29.91060 -2.38850 -2.39750
H 29.61190 -3.07020 -1.80750
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Table S44: Cartesian coordinates (Å) for the Acceptor-Acceptor Edge-Edge contact in the 
F5BAI-PyrFur2 co crystal. 
atom x y z 
O 17.96400 21.70160 -8.79780 
O 21.78590 18.65100 -8.29760 
N 17.63810 17.85820 -5.94150 
C 18.89110 17.52500 -6.28650 
H 19.26660 16.73830 -5.90850 
C 19.66860 18.26650 -7.16610 
C 19.11340 19.41290 -7.71920 
H 19.62040 19.94660 -8.31950 
C 17.80120 19.78030 -7.38690 
C 17.11550 18.96130 -6.49000 
H 16.22630 19.20020 -6.25620 
C 21.03460 17.85140 -7.48810 
C 21.66790 16.74960 -7.13510 
H 21.35530 16.02800 -6.60350 
C 23.00960 16.92650 -7.78820 
H 23.74860 16.33310 -7.71830 
C 22.98030 18.01190 -8.45060 
H 23.69710 18.33500 -8.98320 
C 17.20520 20.99300 -7.92620 
C 16.04290 21.65250 -7.70770 
H 15.33280 21.37810 -7.13880 
C 16.09100 22.83120 -8.49200 
H 15.42050 23.50050 -8.55970 
C 17.24060 22.80940 -9.10140 
H 17.53930 23.49100 -9.69140
O 10.78030 18.26130 -2.70110
O 6.95840 21.31200 -3.20130
N 11.10620 22.10470 -5.55740
C 9.85330 22.43790 -5.21250
H 9.47780 23.22460 -5.59040
C 9.07580 21.69640 -4.33280
C 9.63100 20.55010 -3.77970
H 9.12400 20.01630 -3.17940
C 10.94320 20.18270 -4.11200
C 11.62890 21.00160 -5.00890
H 12.51810 20.76270 -5.24270
C 7.70980 22.11150 -4.01080
C 7.07650 23.21330 -4.36380
H 7.38900 23.93500 -4.89540
C 5.73480 23.03640 -3.71070
H 4.99570 23.62980 -3.78060
C 5.76410 21.95100 -3.04840
H 5.04730 21.62790 -2.51580
C 11.53920 18.96990 -3.57270
C 12.70150 18.31040 -3.79120
H 13.41160 18.58490 -4.36020
C 12.65340 17.13170 -3.00700
H 13.32390 16.46240 -2.93920
C 11.50370 17.15350 -2.39750
H 11.20510 16.47190 -1.80750
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Table S45: Cartesian coordinates (Å) for the XB contact in the F5BAI-PyrThio2 co crystal with a 
torsional angles τα = 171° and τβ = −25°. 
atom x y z 
I -17.62480 8.75630 6.40230 
F -10.70010 8.70190 1.00660 
F -12.18590 6.47610 1.40470 
F -13.24600 11.01040 4.19970 
F -14.26900 6.53030 3.12080 
F -11.21620 10.96330 2.41910 
C -15.95040 8.81060 5.24950 
C -12.48230 7.60190 2.06870 
C -11.97720 9.88310 2.59640 
C -11.72010 8.73210 1.88620 
C -13.85360 8.79070 3.67560 
C -14.98420 8.81890 4.55480 
C -13.03290 9.89270 3.48900 
C -13.53780 7.64010 2.95100 
S -20.89290 12.46450 9.89810 
N -19.85610 8.65850 7.91670 
C -21.72620 7.45690 8.81770 
C -22.16120 8.62500 9.43610 
H -22.95010 8.61070 9.96500 
C -21.45050 9.81850 9.28770 
C -20.54760 7.52780 8.07060 
H -20.22480 6.73730 7.65420 
C -20.29430 9.77100 8.50150 
H -19.79780 10.57160 8.37980 
C -21.91570 11.05850 9.91560 
C -22.18770 13.38720 10.66910 
H -22.12140 14.30170 10.92160 
C -23.19810 11.33170 10.40730 
H -23.92470 10.72100 10.44230 
C -23.22230 12.66650 10.84020 
H -23.99750 13.02600 11.25450 
S -23.60750 5.87600 10.08470 
C -22.42880 5.12240 7.96960 
H -21.85230 5.08470 7.21510 
C -22.45900 6.22240 8.82510 
C -23.29550 4.07990 8.29020 
H -23.37310 3.27700 7.78920 
C -24.01250 4.35570 9.40130 
H -24.66840 3.77120 9.76410 
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Table S46: Cartesian coordinates (Å) for the Donor-Acceptor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S 6.92110 28.58050 -5.56280
N 7.95790 32.38650 -7.54420
C 6.08780 33.58810 -6.64330
C 5.65280 32.42000 -6.02480
H 4.86390 32.43430 -5.49600
C 6.36350 31.22650 -6.17320
C 7.26640 33.51720 -7.39030
H 7.58920 34.30770 -7.80670
C 7.51970 31.27400 -6.95950
H 8.01620 30.47340 -7.08110
C 5.89830 29.98650 -5.54530
C 5.62630 27.65780 -4.79190
H 5.69260 26.74330 -4.53930
C 4.61590 29.71330 -5.05370
H 3.88930 30.32400 -5.01860
C 4.59170 28.37850 -4.62080
H 3.81650 28.01900 -4.20640
S 4.20650 35.16900 -5.37630
C 5.38520 35.92260 -7.49130
H 5.96170 35.96030 -8.24580
C 5.35500 34.82260 -6.63580
C 4.51850 36.96510 -7.17080
H 4.44090 37.76800 -7.67170
C 3.80150 36.68930 -6.05970
H 3.14560 37.27380 -5.69680
I 7.02780 33.38330 -11.55600
F 0.10310 33.32890 -6.16030
F 1.58890 31.10310 -6.55830
F 2.64900 35.63740 -9.35340
F 3.67200 31.15730 -8.27450
F 0.61920 35.59030 -7.57280
C 5.35340 33.43760 -10.40320
C 1.88530 32.22890 -7.22230
C 1.38020 34.51010 -7.75010
C 1.12310 33.35910 -7.03990
C 3.25660 33.41770 -8.82920
C 4.38720 33.44590 -9.70840
C 2.43590 34.51970 -8.64270
C 2.94080 32.26710 -8.10460
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Table S47: Cartesian coordinates (Å) for the Donor-Donor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
I 10.18920 15.87070 -9.05860
F 17.11390 15.92510 -14.45430
F 15.62810 18.15090 -14.05630
F 14.56800 13.61660 -11.26120
F 13.54500 18.09670 -12.34010
F 16.59780 13.66370 -13.04180
C 11.86360 15.81640 -10.21140
C 15.33170 17.02510 -13.39230
C 15.83680 14.74390 -12.86450
C 16.09390 15.89490 -13.57470
C 13.96030 15.83630 -11.78540
C 12.82980 15.80810 -10.90610
C 14.78110 14.73430 -11.97190
C 14.27620 16.98690 -12.51000
I 18.94880 16.96530 -11.55600
F 12.02410 16.91090 -6.16030
F 13.50990 14.68510 -6.55830
F 14.57000 19.21940 -9.35340
F 15.59300 14.73930 -8.27450
F 12.54020 19.17230 -7.57280
C 17.27440 17.01960 -10.40320
C 13.80630 15.81090 -7.22230
C 13.30120 18.09210 -7.75010
C 13.04410 16.94110 -7.03990
C 15.17760 16.99970 -8.82920
C 16.30820 17.02790 -9.70840
C 14.35690 18.10170 -8.64270
C 14.86180 15.84910 -8.10460
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Table S48: Cartesian coordinates (Å) for the Acceptor-Acceptor π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S -7.64790 -4.25550 4.74440 
N -6.61110 -0.44950 2.76310 
C -8.48120 0.75210 3.66400 
C -8.91620 -0.41600 4.28250 
H -9.70510 -0.40170 4.81130 
C -8.20550 -1.60950 4.13400 
C -7.30260 0.68120 2.91700 
H -6.97980 1.47170 2.50050 
C -7.04930 -1.56200 3.34780 
H -6.55280 -2.36260 3.22620 
C -8.67070 -2.84950 4.76200 
C -8.94270 -5.17820 5.51540 
H -8.87640 -6.09270 5.76800 
C -9.95310 -3.12270 5.25360 
H -10.67970 -2.51200 5.28870 
C -9.97730 -4.45750 5.68650 
H -10.75250 -4.81700 6.10090 
S -10.36250 2.33300 4.93100 
C -9.18380 3.08660 2.81600 
H -8.60730 3.12430 2.06150 
C -9.21400 1.98660 3.67150 
C -10.05050 4.12910 3.13650 
H -10.12810 4.93200 2.63560 
C -10.76750 3.85330 4.24760 
H -11.42340 4.43780 4.61050 
S -4.20650 -2.33300 5.37630 
C -5.38520 -3.08660 7.49130 
H -5.96170 -3.12430 8.24580 
C -5.35500 -1.98660 6.63580 
C -4.51850 -4.12910 7.17080 
H -4.44090 -4.93200 7.67170 
C -3.80150 -3.85330 6.05970 
H -3.14560 -4.43780 5.69680 
S -6.92110 4.25550 5.56280 
N -7.95790 0.44950 7.54420 
C -6.08780 -0.75210 6.64330 
C -5.65280 0.41600 6.02480 
H -4.86390 0.40170 5.49600 
C -6.36350 1.60950 6.17320 
C -7.26640 -0.68120 7.39030 
H -7.58920 -1.47170 7.80670 
C -7.51970 1.56200 6.95950 
H -8.01620 2.36260 7.08110 
C -5.89830 2.84950 5.54530 
C -5.62630 5.17820 4.79190 
H -5.69260 6.09270 4.53930 
C -4.61590 3.12270 5.05370 
H -3.88930 2.51200 5.01860 
C -4.59170 4.45750 4.62080 
H -3.81650 4.81700 4.20640 
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Table S49: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S 6.92110 28.58050 -5.56280
N 7.95790 32.38650 -7.54420
C 6.08780 33.58810 -6.64330
C 5.65280 32.42000 -6.02480
H 4.86390 32.43430 -5.49600
C 6.36350 31.22650 -6.17320
C 7.26640 33.51720 -7.39030
H 7.58920 34.30770 -7.80670
C 7.51970 31.27400 -6.95950
H 8.01620 30.47340 -7.08110
C 5.89830 29.98650 -5.54530
C 5.62630 27.65780 -4.79190
H 5.69260 26.74330 -4.53930
C 4.61590 29.71330 -5.05370
H 3.88930 30.32400 -5.01860
C 4.59170 28.37850 -4.62080
H 3.81650 28.01900 -4.20640
S 4.20650 35.16900 -5.37630
C 5.38520 35.92260 -7.49130
H 5.96170 35.96030 -8.24580
C 5.35500 34.82260 -6.63580
C 4.51850 36.96510 -7.17080
H 4.44090 37.76800 -7.67170
C 3.80150 36.68930 -6.05970
H 3.14560 37.27380 -5.69680
I 4.37980 33.38330 -1.24870
F -2.54490 33.32890 4.14700
F -1.05910 31.10310 3.74900
F 0.00100 35.63740 0.95390
F 1.02400 31.15730 2.03280
F -2.02880 35.59030 2.73450
C 2.70540 33.43760 -0.09590
C -0.76270 32.22890 3.08500
C -1.26780 34.51010 2.55720
C -1.52490 33.35910 3.26740
C 0.60860 33.41770 1.47810
C 1.73920 33.44590 0.59890
C -0.21210 34.51970 1.66460
C 0.29280 32.26710 2.20270
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Table S50: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°.
atom x y z 
I 10.18920 15.87070 -9.05860
F 17.11390 15.92510 -14.45430
F 15.62810 18.15090 -14.05630
F 14.56800 13.61660 -11.26120
F 13.54500 18.09670 -12.34010
F 16.59780 13.66370 -13.04180
C 11.86360 15.81640 -10.21140
C 15.33170 17.02510 -13.39230
C 15.83680 14.74390 -12.86450
C 16.09390 15.89490 -13.57470
C 13.96030 15.83630 -11.78540
C 12.82980 15.80810 -10.90610
C 14.78110 14.73430 -11.97190
C 14.27620 16.98690 -12.51000
S 22.21690 20.67350 -15.05170
N 21.18010 16.86750 -13.07040
C 23.05020 15.66590 -13.97130
C 23.48520 16.83400 -14.58980
H 24.27410 16.81970 -15.11860
C 22.77450 18.02750 -14.44130
C 21.87160 15.73680 -13.22430
H 21.54880 14.94630 -12.80780
C 21.61830 17.98000 -13.65510
H 21.12180 18.78060 -13.53350
C 23.23970 19.26750 -15.06930
C 23.51170 21.59620 -15.82270
H 23.44540 22.51070 -16.07530
C 24.52210 19.54070 -15.56090
H 25.24870 18.93000 -15.59600
C 24.54630 20.87550 -15.99380
H 25.32150 21.23500 -16.40820
S 24.93150 14.08500 -15.23830
C 23.75280 13.33140 -13.12320
H 23.17630 13.29370 -12.36880
C 23.78300 14.43140 -13.97870
C 24.61950 12.28890 -13.44380
H 24.69710 11.48600 -12.94290
C 25.33650 12.56470 -14.55490
H 25.99240 11.98020 -14.91770
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Table S51: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S 6.92110 28.58050 -5.56280
N 7.95790 32.38650 -7.54420
C 6.08780 33.58810 -6.64330
C 5.65280 32.42000 -6.02480
H 4.86390 32.43430 -5.49600
C 6.36350 31.22650 -6.17320
C 7.26640 33.51720 -7.39030
H 7.58920 34.30770 -7.80670
C 7.51970 31.27400 -6.95950
H 8.01620 30.47340 -7.08110
C 5.89830 29.98650 -5.54530
C 5.62630 27.65780 -4.79190
H 5.69260 26.74330 -4.53930
C 4.61590 29.71330 -5.05370
H 3.88930 30.32400 -5.01860
C 4.59170 28.37850 -4.62080
H 3.81650 28.01900 -4.20640
S 4.20650 35.16900 -5.37630
C 5.38520 35.92260 -7.49130
H 5.96170 35.96030 -8.24580
C 5.35500 34.82260 -6.63580
C 4.51850 36.96510 -7.17080
H 4.44090 37.76800 -7.67170
C 3.80150 36.68930 -6.05970
H 3.14560 37.27380 -5.69680
I -4.37980 32.28870 1.24870
F 2.54490 32.34310 -4.14700
F 1.05910 34.56890 -3.74900
F -0.00100 30.03460 -0.95390
F -1.02400 34.51470 -2.03280
F 2.02880 30.08170 -2.73450
C -2.70540 32.23440 0.09590
C 0.76270 33.44310 -3.08500
C 1.26780 31.16190 -2.55720
C 1.52490 32.31290 -3.26740
C -0.60860 32.25430 -1.47810
C -1.73920 32.22610 -0.59890
C 0.21210 31.15230 -1.66460
C -0.29280 33.40490 -2.20270
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Table S52: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S -7.64790 12.16250 4.74440 
N -6.61110 15.96850 2.76310 
C -8.48120 17.17010 3.66400 
C -8.91620 16.00200 4.28250 
H -9.70510 16.01630 4.81130 
C -8.20550 14.80850 4.13400 
C -7.30260 17.09920 2.91700 
H -6.97980 17.88970 2.50050 
C -7.04930 14.85600 3.34780 
H -6.55280 14.05540 3.22620 
C -8.67070 13.56850 4.76200 
C -8.94270 11.23980 5.51540 
H -8.87640 10.32530 5.76800 
C -9.95310 13.29530 5.25360 
H -10.67970 13.90600 5.28870 
C -9.97730 11.96050 5.68650 
H -10.75250 11.60100 6.10090 
S -10.36250 18.75100 4.93100 
C -9.18380 19.50460 2.81600 
H -8.60730 19.54230 2.06150 
C -9.21400 18.40460 3.67150 
C -10.05050 20.54710 3.13650 
H -10.12810 21.35000 2.63560 
C -10.76750 20.27130 4.24760 
H -11.42340 20.85580 4.61050 
I -8.86520 7.66170 3.90500 
F -15.78990 7.71610 9.30070 
F -14.30410 9.94190 8.90260 
F -13.24400 5.40760 6.10760 
F -12.22100 9.88770 7.18650 
F -15.27380 5.45470 7.88820 
C -10.53960 7.60740 5.05780 
C -14.00770 8.81610 8.23860 
C -14.51280 6.53490 7.71090 
C -14.76990 7.68590 8.42110 
C -12.63640 7.62730 6.63170 
C -11.50580 7.59910 5.75250 
C -13.45710 6.52530 6.81830 
C -12.95220 8.77790 7.35630 
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Table S53: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°.
atom x y z 
S 6.92110 28.58050 -5.56280
N 7.95790 32.38650 -7.54420
C 6.08780 33.58810 -6.64330
C 5.65280 32.42000 -6.02480
H 4.86390 32.43430 -5.49600
C 6.36350 31.22650 -6.17320
C 7.26640 33.51720 -7.39030
H 7.58920 34.30770 -7.80670
C 7.51970 31.27400 -6.95950
H 8.01620 30.47340 -7.08110
C 5.89830 29.98650 -5.54530
C 5.62630 27.65780 -4.79190
H 5.69260 26.74330 -4.53930
C 4.61590 29.71330 -5.05370
H 3.88930 30.32400 -5.01860
C 4.59170 28.37850 -4.62080
H 3.81650 28.01900 -4.20640
S 4.20650 35.16900 -5.37630
C 5.38520 35.92260 -7.49130
H 5.96170 35.96030 -8.24580
C 5.35500 34.82260 -6.63580
C 4.51850 36.96510 -7.17080
H 4.44090 37.76800 -7.67170
C 3.80150 36.68930 -6.05970
H 3.14560 37.27380 -5.69680
I -3.05580 25.17430 -3.90500
F 3.86890 25.11990 -9.30070
F 2.38310 22.89410 -8.90260
F 1.32300 27.42840 -6.10760
F 0.30000 22.94830 -7.18650
F 3.35280 27.38130 -7.88820
C -1.38140 25.22860 -5.05780
C 2.08670 24.01990 -8.23860
C 2.59180 26.30110 -7.71090
C 2.84890 25.15010 -8.42110
C 0.71540 25.20870 -6.63170
C -0.41520 25.23690 -5.75250
C 1.53610 26.31070 -6.81830
C 1.03120 24.05810 -7.35630
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Table S54: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S -7.64790 12.16250 4.74440 
N -6.61110 15.96850 2.76310 
C -8.48120 17.17010 3.66400 
C -8.91620 16.00200 4.28250 
H -9.70510 16.01630 4.81130 
C -8.20550 14.80850 4.13400 
C -7.30260 17.09920 2.91700 
H -6.97980 17.88970 2.50050 
C -7.04930 14.85600 3.34780 
H -6.55280 14.05540 3.22620 
C -8.67070 13.56850 4.76200 
C -8.94270 11.23980 5.51540 
H -8.87640 10.32530 5.76800 
C -9.95310 13.29530 5.25360 
H -10.67970 13.90600 5.28870 
C -9.97730 11.96050 5.68650 
H -10.75250 11.60100 6.10090 
S -10.36250 18.75100 4.93100 
C -9.18380 19.50460 2.81600 
H -8.60730 19.54230 2.06150 
C -9.21400 18.40460 3.67150 
C -10.05050 20.54710 3.13650 
H -10.12810 21.35000 2.63560 
C -10.76750 20.27130 4.24760 
H -11.42340 20.85580 4.61050 
I -8.86520 24.07970 3.90500 
F -15.78990 24.13410 9.30070 
F -14.30410 26.35990 8.90260 
F -13.24400 21.82560 6.10760 
F -12.22100 26.30570 7.18650 
F -15.27380 21.87270 7.88820 
C -10.53960 24.02540 5.05780 
C -14.00770 25.23410 8.23860 
C -14.51280 22.95290 7.71090 
C -14.76990 24.10390 8.42110 
C -12.63640 24.04530 6.63170 
C -11.50580 24.01710 5.75250 
C -13.45710 22.94330 6.81830 
C -12.95220 25.19590 7.35630 
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Table S55: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S -7.64790 12.16250 4.74440 
N -6.61110 15.96850 2.76310 
C -8.48120 17.17010 3.66400 
C -8.91620 16.00200 4.28250 
H -9.70510 16.01630 4.81130 
C -8.20550 14.80850 4.13400 
C -7.30260 17.09920 2.91700 
H -6.97980 17.88970 2.50050 
C -7.04930 14.85600 3.34780 
H -6.55280 14.05540 3.22620 
C -8.67070 13.56850 4.76200 
C -8.94270 11.23980 5.51540 
H -8.87640 10.32530 5.76800 
C -9.95310 13.29530 5.25360 
H -10.67970 13.90600 5.28870 
C -9.97730 11.96050 5.68650 
H -10.75250 11.60100 6.10090 
S -10.36250 18.75100 4.93100 
C -9.18380 19.50460 2.81600 
H -8.60730 19.54230 2.06150 
C -9.21400 18.40460 3.67150 
C -10.05050 20.54710 3.13650 
H -10.12810 21.35000 2.63560 
C -10.76750 20.27130 4.24760 
H -11.42340 20.85580 4.61050 
I -5.70380 8.75630 6.40230 
F 1.22090 8.70190 1.00660 
F -0.26490 6.47610 1.40470 
F -1.32500 11.01040 4.19970 
F -2.34800 6.53030 3.12080 
F 0.70480 10.96330 2.41910 
C -4.02940 8.81060 5.24950 
C -0.56130 7.60190 2.06870 
C -0.05620 9.88310 2.59640 
C 0.20090 8.73210 1.88620 
C -1.93260 8.79070 3.67560 
C -3.06320 8.81890 4.55480 
C -1.11190 9.89270 3.48900 
C -1.61680 7.64010 2.95100 
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Table S56: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S -7.64790 12.16250 4.74440 
N -6.61110 15.96850 2.76310 
C -8.48120 17.17010 3.66400 
C -8.91620 16.00200 4.28250 
H -9.70510 16.01630 4.81130 
C -8.20550 14.80850 4.13400 
C -7.30260 17.09920 2.91700 
H -6.97980 17.88970 2.50050 
C -7.04930 14.85600 3.34780 
H -6.55280 14.05540 3.22620 
C -8.67070 13.56850 4.76200 
C -8.94270 11.23980 5.51540 
H -8.87640 10.32530 5.76800 
C -9.95310 13.29530 5.25360 
H -10.67970 13.90600 5.28870 
C -9.97730 11.96050 5.68650 
H -10.75250 11.60100 6.10090 
S -10.36250 18.75100 4.93100 
C -9.18380 19.50460 2.81600 
H -8.60730 19.54230 2.06150 
C -9.21400 18.40460 3.67150 
C -10.05050 20.54710 3.13650 
H -10.12810 21.35000 2.63560 
C -10.76750 20.27130 4.24760 
H -11.42340 20.85580 4.61050 
I -17.62480 25.17430 6.40230 
F -10.70010 25.11990 1.00660 
F -12.18590 22.89410 1.40470 
F -13.24600 27.42840 4.19970 
F -14.26900 22.94830 3.12080 
F -11.21620 27.38130 2.41910 
C -15.95040 25.22860 5.24950 
C -12.48230 24.01990 2.06870 
C -11.97720 26.30110 2.59640 
C -11.72010 25.15010 1.88620 
C -13.85360 25.20870 3.67560 
C -14.98420 25.23690 4.55480 
C -13.03290 26.31070 3.48900 
C -13.53780 24.05810 2.95100 
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Table S57: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°.
atom x y z 
I 10.18920 32.28870 -9.05860
F 17.11390 32.34310 -14.45430
F 15.62810 34.56890 -14.05630
F 14.56800 30.03460 -11.26120
F 13.54500 34.51470 -12.34010
F 16.59780 30.08170 -13.04180
C 11.86360 32.23440 -10.21140
C 15.33170 33.44310 -13.39230
C 15.83680 31.16190 -12.86450
C 16.09390 32.31290 -13.57470
C 13.96030 32.25430 -11.78540
C 12.82980 32.22610 -10.90610
C 14.78110 31.15230 -11.97190
C 14.27620 33.40490 -12.51000
I 7.02780 33.38330 -11.55600
F 0.10310 33.32890 -6.16030
F 1.58890 31.10310 -6.55830
F 2.64900 35.63740 -9.35340
F 3.67200 31.15730 -8.27450
F 0.61920 35.59030 -7.57280
C 5.35340 33.43760 -10.40320
C 1.88530 32.22890 -7.22230
C 1.38020 34.51010 -7.75010
C 1.12310 33.35910 -7.03990
C 3.25660 33.41770 -8.82920
C 4.38720 33.44590 -9.70840
C 2.43590 34.51970 -8.64270
C 2.94080 32.26710 -8.10460
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Table S58: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
I -4.37980 32.28870 1.24870 
F 2.54490 32.34310 -4.14700
F 1.05910 34.56890 -3.74900
F -0.00100 30.03460 -0.95390
F -1.02400 34.51470 -2.03280
F 2.02880 30.08170 -2.73450
C -2.70540 32.23440 0.09590
C 0.76270 33.44310 -3.08500
C 1.26780 31.16190 -2.55720
C 1.52490 32.31290 -3.26740
C -0.60860 32.25430 -1.47810
C -1.73920 32.22610 -0.59890
C 0.21210 31.15230 -1.66460
C -0.29280 33.40490 -2.20270
I 7.02780 33.38330 -11.55600
F 0.10310 33.32890 -6.16030
F 1.58890 31.10310 -6.55830
F 2.64900 35.63740 -9.35340
F 3.67200 31.15730 -8.27450
F 0.61920 35.59030 -7.57280
C 5.35340 33.43760 -10.40320
C 1.88530 32.22890 -7.22230
C 1.38020 34.51010 -7.75010
C 1.12310 33.35910 -7.03990
C 3.25660 33.41770 -8.82920
C 4.38720 33.44590 -9.70840
C 2.43590 34.51970 -8.64270
C 2.94080 32.26710 -8.10460
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Table S59: Cartesian coordinates (Å) for the Donor-Donor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
I -4.37980 -0.54730 1.24870 
F 2.54490 -0.49290 -4.14700
F 1.05910 1.73290 -3.74900
F -0.00100 -2.80140 -0.95390
F -1.02400 1.67870 -2.03280
F 2.02880 -2.75430 -2.73450
C -2.70540 -0.60160 0.09590
C 0.76270 0.60710 -3.08500
C 1.26780 -1.67410 -2.55720
C 1.52490 -0.52310 -3.26740
C -0.60860 -0.58170 -1.47810
C -1.73920 -0.60990 -0.59890
C 0.21210 -1.68370 -1.66460
C -0.29280 0.56890 -2.20270
I 5.70380 7.66170 -6.40230
F -1.22090 7.71610 -1.00660
F 0.26490 9.94190 -1.40470
F 1.32500 5.40760 -4.19970
F 2.34800 9.88770 -3.12080
F -0.70480 5.45470 -2.41910
C 4.02940 7.60740 -5.24950
C 0.56130 8.81610 -2.06870
C 0.05620 6.53490 -2.59640
C -0.20090 7.68590 -1.88620
C 1.93260 7.62730 -3.67560
C 3.06320 7.59910 -4.55480
C 1.11190 6.52530 -3.48900
C 1.61680 8.77790 -2.95100
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Table S60: Cartesian coordinates (Å) for the Donor-Donor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
I -18.94880 15.87070 11.55600
F -12.02410 15.92510 6.16030 
F -13.50990 18.15090 6.55830 
F -14.57000 13.61660 9.35340 
F -15.59300 18.09670 8.27450 
F -12.54020 13.66370 7.57280 
C -17.27440 15.81640 10.40320
C -13.80630 17.02510 7.22230 
C -13.30120 14.74390 7.75010 
C -13.04410 15.89490 7.03990 
C -15.17760 15.83630 8.82920 
C -16.30820 15.80810 9.70840 
C -14.35690 14.73430 8.64270 
C -14.86180 16.98690 8.10460 
I -17.62480 8.75630 6.40230 
F -10.70010 8.70190 1.00660 
F -12.18590 6.47610 1.40470 
F -13.24600 11.01040 4.19970 
F -14.26900 6.53030 3.12080 
F -11.21620 10.96330 2.41910 
C -15.95040 8.81060 5.24950 
C -12.48230 7.60190 2.06870 
C -11.97720 9.88310 2.59640 
C -11.72010 8.73210 1.88620 
C -13.85360 8.79070 3.67560 
C -14.98420 8.81890 4.55480 
C -13.03290 9.89270 3.48900 
C -13.53780 7.64010 2.95100 
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Table S61: Cartesian coordinates (Å) for the Acceptor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S 6.92110 28.58050 -5.56280
N 7.95790 32.38650 -7.54420
C 6.08780 33.58810 -6.64330
C 5.65280 32.42000 -6.02480
H 4.86390 32.43430 -5.49600
C 6.36350 31.22650 -6.17320
C 7.26640 33.51720 -7.39030
H 7.58920 34.30770 -7.80670
C 7.51970 31.27400 -6.95950
H 8.01620 30.47340 -7.08110
C 5.89830 29.98650 -5.54530
C 5.62630 27.65780 -4.79190
H 5.69260 26.74330 -4.53930
C 4.61590 29.71330 -5.05370
H 3.88930 30.32400 -5.01860
C 4.59170 28.37850 -4.62080
H 3.81650 28.01900 -4.20640
S 4.20650 35.16900 -5.37630
C 5.38520 35.92260 -7.49130
H 5.96170 35.96030 -8.24580
C 5.35500 34.82260 -6.63580
C 4.51850 36.96510 -7.17080
H 4.44090 37.76800 -7.67170
C 3.80150 36.68930 -6.05970
H 3.14560 37.27380 -5.69680
S -4.27310 37.09150 -4.74440
N -5.30990 33.28550 -2.76310
C -3.43980 32.08390 -3.66400
C -3.00480 33.25200 -4.28250
H -2.21590 33.23770 -4.81130
C -3.71550 34.44550 -4.13400
C -4.61840 32.15480 -2.91700
H -4.94120 31.36430 -2.50050
C -4.87170 34.39800 -3.34780
H -5.36820 35.19860 -3.22620
C -3.25030 35.68550 -4.76200
C -2.97830 38.01420 -5.51540
H -3.04460 38.92870 -5.76800
C -1.96790 35.95870 -5.25360
H -1.24130 35.34800 -5.28870
C -1.94370 37.29350 -5.68650
H -1.16850 37.65300 -6.10090
S -1.55850 30.50300 -4.93100
C -2.73720 29.74940 -2.81600
H -3.31370 29.71170 -2.06150
C -2.70700 30.84940 -3.67150
C -1.87050 28.70690 -3.13650
H -1.79290 27.90400 -2.63560
C -1.15350 28.98270 -4.24760
H -0.49760 28.39820 -4.61050
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Table S62: Cartesian coordinates (Å) for the Acceptor-Acceptor Edge-Edge contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S 6.92110 28.58050 -5.56280
N 7.95790 32.38650 -7.54420
C 6.08780 33.58810 -6.64330
C 5.65280 32.42000 -6.02480
H 4.86390 32.43430 -5.49600
C 6.36350 31.22650 -6.17320
C 7.26640 33.51720 -7.39030
H 7.58920 34.30770 -7.80670
C 7.51970 31.27400 -6.95950
H 8.01620 30.47340 -7.08110
C 5.89830 29.98650 -5.54530
C 5.62630 27.65780 -4.79190
H 5.69260 26.74330 -4.53930
C 4.61590 29.71330 -5.05370
H 3.88930 30.32400 -5.01860
C 4.59170 28.37850 -4.62080
H 3.81650 28.01900 -4.20640
S 4.20650 35.16900 -5.37630
C 5.38520 35.92260 -7.49130
H 5.96170 35.96030 -8.24580
C 5.35500 34.82260 -6.63580
C 4.51850 36.96510 -7.17080
H 4.44090 37.76800 -7.67170
C 3.80150 36.68930 -6.05970
H 3.14560 37.27380 -5.69680
S 8.97190 20.37150 -9.89810
N 7.93510 24.17750 -7.91670
C 9.80520 25.37910 -8.81770
C 10.24020 24.21100 -9.43610
H 11.02910 24.22530 -9.96500
C 9.52950 23.01750 -9.28770
C 8.62660 25.30820 -8.07060
H 8.30380 26.09870 -7.65420
C 8.37330 23.06500 -8.50150
H 7.87680 22.26440 -8.37980
C 9.99470 21.77750 -9.91560
C 10.26670 19.44880 -10.66910
H 10.20040 18.53430 -10.92160
C 11.27710 21.50430 -10.40730
H 12.00370 22.11500 -10.44230
C 11.30130 20.16950 -10.84020
H 12.07650 19.81000 -11.25450
S 11.68650 26.96000 -10.08470
C 10.50780 27.71360 -7.96960
H 9.93130 27.75130 -7.21510
C 10.53800 26.61360 -8.82510
C 11.37450 28.75610 -8.29020
H 11.45210 29.55900 -7.78920
C 12.09150 28.48030 -9.40130
H 12.74740 29.06480 -9.76410
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Table S63: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°.
atom x y z 
S 6.92110 12.16250 -5.56280
N 7.95790 15.96850 -7.54420
C 6.08780 17.17010 -6.64330
C 5.65280 16.00200 -6.02480
H 4.86390 16.01630 -5.49600
C 6.36350 14.80850 -6.17320
C 7.26640 17.09920 -7.39030
H 7.58920 17.88970 -7.80670
C 7.51970 14.85600 -6.95950
H 8.01620 14.05540 -7.08110
C 5.89830 13.56850 -5.54530
C 5.62630 11.23980 -4.79190
H 5.69260 10.32530 -4.53930
C 4.61590 13.29530 -5.05370
H 3.88930 13.90600 -5.01860
C 4.59170 11.96050 -4.62080
H 3.81650 11.60100 -4.20640
S 4.20650 18.75100 -5.37630
C 5.38520 19.50460 -7.49130
H 5.96170 19.54230 -8.24580
C 5.35500 18.40460 -6.63580
C 4.51850 20.54710 -7.17080
H 4.44090 21.35000 -7.67170
C 3.80150 20.27130 -6.05970
H 3.14560 20.85580 -5.69680
S 8.24510 12.46450 -10.71650
N 9.28190 8.65850 -12.69790
C 7.41180 7.45690 -11.79690
C 6.97680 8.62500 -11.17850
H 6.18790 8.61070 -10.64960
C 7.68750 9.81850 -11.32690
C 8.59040 7.52780 -12.54400
H 8.91310 6.73730 -12.96040
C 8.84370 9.77100 -12.11310
H 9.34020 10.57160 -12.23480
C 7.22230 11.05850 -10.69900
C 6.95030 13.38720 -9.94550
H 7.01660 14.30170 -9.69300
C 5.93990 11.33170 -10.20730
H 5.21330 10.72100 -10.17230
C 5.91570 12.66650 -9.77440
H 5.14050 13.02600 -9.36010
S 5.53050 5.87600 -10.52990
C 6.70920 5.12240 -12.64500
H 7.28570 5.08470 -13.39950
C 6.67900 6.22240 -11.78950
C 5.84250 4.07990 -12.32440
H 5.76490 3.27700 -12.82540
C 5.12550 4.35570 -11.21330
H 4.46960 3.77120 -10.85050
185
Table S64: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 171° and τβ = −25°. 
atom x y z 
S -7.64790 12.16250 4.74440 
N -6.61110 15.96850 2.76310 
C -8.48120 17.17010 3.66400 
C -8.91620 16.00200 4.28250 
H -9.70510 16.01630 4.81130 
C -8.20550 14.80850 4.13400 
C -7.30260 17.09920 2.91700 
H -6.97980 17.88970 2.50050 
C -7.04930 14.85600 3.34780 
H -6.55280 14.05540 3.22620 
C -8.67070 13.56850 4.76200 
C -8.94270 11.23980 5.51540 
H -8.87640 10.32530 5.76800 
C -9.95310 13.29530 5.25360 
H -10.67970 13.90600 5.28870 
C -9.97730 11.96050 5.68650 
H -10.75250 11.60100 6.10090 
S -10.36250 18.75100 4.93100 
C -9.18380 19.50460 2.81600 
H -8.60730 19.54230 2.06150 
C -9.21400 18.40460 3.67150 
C -10.05050 20.54710 3.13650 
H -10.12810 21.35000 2.63560 
C -10.76750 20.27130 4.24760 
H -11.42340 20.85580 4.61050 
S -8.97190 28.88250 9.89810 
N -7.93510 25.07650 7.91670 
C -9.80520 23.87490 8.81770 
C -10.24020 25.04300 9.43610 
H -11.02910 25.02870 9.96500 
C -9.52950 26.23650 9.28770 
C -8.62660 23.94580 8.07060 
H -8.30380 23.15530 7.65420 
C -8.37330 26.18900 8.50150 
H -7.87680 26.98960 8.37980 
C -9.99470 27.47650 9.91560 
C -10.26670 29.80520 10.66910 
H -10.20040 30.71970 10.92160 
C -11.27710 27.74970 10.40730 
H -12.00370 27.13900 10.44230 
C -11.30130 29.08450 10.84020 
H -12.07650 29.44400 11.25450 
S -11.68650 22.29400 10.08470 
C -10.50780 21.54040 7.96960 
H -9.93130 21.50270 7.21510 
C -10.53800 22.64040 8.82510 
C -11.37450 20.49790 8.29020 
H -11.45210 19.69500 7.78920 
C -12.09150 20.77370 9.40130 
H -12.74740 20.18920 9.76410 
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Table S65: Cartesian coordinates (Å) for the XB contact in the F5BAI-PyrThio2 co crystal with a 
torsional angles τα = 166° and τβ = 24°.
atom x y z 
I 17.62480 24.07960 -6.40240
F 10.70000 24.13400 -1.00660
F 12.18580 26.35990 -1.40470
F 13.24610 21.82560 -4.19980
F 14.26910 26.30570 -3.12090
F 11.21620 21.87270 -2.41910
C 15.95050 24.02530 -5.24950
C 12.48230 25.23410 -2.06870
C 11.97710 22.95300 -2.59640
C 11.72010 24.10390 -1.88620
C 13.85360 24.04550 -3.67560
C 14.98370 24.01720 -4.55480
C 13.03300 22.94350 -3.49000
C 13.53760 25.19600 -2.95100
N 19.85600 24.17760 -7.91660
C 21.72620 25.37910 -8.81770
C 22.16110 24.21080 -9.43620
H 22.94990 24.22510 -9.96550
C 21.45060 23.01750 -9.28760
C  20.54780  25.30850  -8.07060
H 20.22520 26.09910 -7.65420
C 20.29450 23.06520 -8.50150
H 19.79800 22.26440 -8.37980
C 21.91540 21.77770 -9.91460
S 23.61030 26.95840 -10.09080
C 22.42970 27.71360 -7.96860
H 21.85460 27.74240 -7.21200
C 22.46360 26.62840 -8.83850
C 23.29830 28.75450 -8.28710
H 23.37990 29.55460 -7.78320
C 24.01300 28.48360 -9.40330
H 24.66540 29.07090 -9.76740
S 21.36210 20.22210 -9.55280
C 22.88930 21.66520 -10.93600
H 23.34850 22.41220 -11.30200
C 23.11450 20.31890 -11.36280
H 23.62780 20.09940 -12.13090
C 22.60370 19.50460 -10.67840
H 22.81900 18.58050 -10.70190
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Table S66: Cartesian coordinates (Å) for the Donor-Acceptor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
I 20.78620 25.17440 -3.90490
F 27.71100 25.12000 -9.30070
F 26.22520 22.89410 -8.90260
F 25.16490 27.42840 -6.10750
F 24.14190 22.94830 -7.18630
F 27.19480 27.38130 -7.88820
C 22.46050 25.22870 -5.05780
C 25.92870 24.01990 -8.23860
C 26.43390 26.30100 -7.71090
C 26.69090 25.15010 -8.42110
C 24.55740 25.20850 -6.63170
C 23.42730 25.23680 -5.75250
C 25.37800 26.31050 -6.81720
C 24.87340 24.05800 -7.35630
N 19.85600 24.17760 -7.91660
C 21.72620 25.37910 -8.81770
C 22.16110 24.21080 -9.43620
H 22.94990 24.22510 -9.96550
C 21.45060 23.01750 -9.28760
C  20.54780  25.30850  -8.07060
H 20.22520 26.09910 -7.65420
C 20.29450 23.06520 -8.50150
H 19.79800 22.26440 -8.37980
C 21.91540 21.77770 -9.91460
S 23.61030 26.95840 -10.09080
C 22.42970 27.71360 -7.96860
H 21.85460 27.74240 -7.21200
C 22.46360 26.62840 -8.83850
C 23.29830 28.75450 -8.28710
H 23.37990 29.55460 -7.78320
C 24.01300 28.48360 -9.40330
H 24.66540 29.07090 -9.76740
S 21.36210 20.22210 -9.55280
C 22.88930 21.66520 -10.93600
H 23.34850 22.41220 -11.30200
C 23.11450 20.31890 -11.36280
H 23.62780 20.09940 -12.13090
C 22.60370 19.50460 -10.67840
H 22.81900 18.58050 -10.70190
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Table S67: Cartesian coordinates (Å) for the Donor-Donor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
I 16.30080 0.54740 -1.24870
F 9.37600 0.49300 4.14700 
F 10.86180 -1.73290 3.74900 
F 11.92210 2.80140 0.95380 
F 12.94510 -1.67870 2.03270 
F 9.89220 2.75430 2.73450 
C 14.62650 0.60170 -0.09590
C 11.15830 -0.60710 3.08500
C 10.65310 1.67400 2.55720
C 10.39610 0.52310 3.26740
C 12.52960 0.58150 1.47810
C 13.65970 0.60980 0.59890
C 11.70900 1.68350 1.66360
C 12.21360 -0.56900 2.20270
I  7.54120  -0.54740 1.24870 
F 14.46600 -0.49300 -4.14700
F 12.98020 1.73290 -3.74900
F 11.91990 -2.80140 -0.95380
F 10.89690 1.67870 -2.03270
F 13.94980 -2.75430 -2.73450
C 9.21550 -0.60170 0.09590
C 12.68370 0.60710 -3.08500
C 13.18890 -1.67400 -2.55720
C 13.44590 -0.52310 -3.26740
C 11.31240 -0.58150 -1.47810
C 10.18230 -0.60980 -0.59890
C 12.13300 -1.68350 -1.66360
C 11.62840 0.56900 -2.20270
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Table S68: Cartesian coordinates (Å) for the Acceptor-Acceptor π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
N 18.53200 16.86740 -2.76300 
C 20.40220 15.66590 -3.66400 
C 20.83710 16.83420 -4.28260 
H 21.62590 16.81990 -4.81180 
C 20.12660 18.02750 -4.13390 
C 19.22380 15.73650 -2.91700 
H 18.90120 14.94590 -2.50050 
C 18.97050 17.97980 -3.34780 
H 18.47400 18.78060 -3.22620 
C 20.59140 19.26730 -4.76090 
S 22.28630 14.08660 -4.93720 
C 21.10570 13.33140 -2.81490 
H 20.53060 13.30260 -2.05840 
C 21.13960 14.41660 -3.68490 
C 21.97430 12.29050 -3.13340 
H 22.05590 11.49040 -2.62960 
C 22.68900 12.56140 -4.24970 
H 23.34140 11.97410 -4.61380 
S 20.03810 20.82290 -4.39920 
C 21.56530 19.37980 -5.78240 
H 22.02450 18.63280 -6.14840 
C 21.79050 20.72610 -6.20910 
H 22.30380 20.94560 -6.97720 
C 21.27970 21.54040 -5.52470 
H  21.49500  22.46450  -5.54830
N  19.87900  15.96860  -7.54430
C  18.00880  17.17010  -6.64330
C  17.57390  16.00180  -6.02470
H  16.78510  16.01610  -5.49550
C  18.28440  14.80850  -6.17330
C  19.18720  17.09950  -7.39030
H  19.50980  17.89010  -7.80680
C  19.44050  14.85620  -6.95950
H  19.93700  14.05540  -7.08110
C  17.81960  13.56870  -5.54640
S  16.12470  18.74940  -5.37010
C  17.30530  19.50460  -7.49240
H  17.88040  19.53340  -8.24890
C  17.27140  18.41940  -6.62240
C  16.43670  20.54550  -7.17390
H  16.35510  21.34560  -7.67770
C  15.72200  20.27460  -6.05760
H  15.06960  20.86190  -5.69350
S  18.37290  12.01310  -5.90810
C  16.84570  13.45620  -4.52490
H  16.38650  14.20320  -4.15890
C  16.62050  12.10990  -4.09820
H  16.10720  11.89040  -3.33010
C  17.13130  11.29560  -4.78260
H 16.91600 10.37150 -4.75900
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Table S69: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
I 20.78620 25.17440 -3.90490 
F 27.71100 25.12000 -9.30070 
F 26.22520 22.89410 -8.90260 
F 25.16490 27.42840 -6.10750 
F 24.14190 22.94830 -7.18630 
F 27.19480 27.38130 -7.88820 
C 22.46050 25.22870 -5.05780 
C 25.92870 24.01990 -8.23860 
C 26.43390 26.30100 -7.71090 
C 26.69090 25.15010 -8.42110 
C 24.55740 25.20850 -6.63170 
C 23.42730 25.23680 -5.75250 
C 25.37800 26.31050 -6.81720 
C 24.87340 24.05800 -7.35630
N 17.20800 24.17760 2.39070 
C 19.07820 25.37910 1.48960 
C 19.51310 24.21080 0.87110 
H 20.30190 24.22510 0.34180 
C 18.80260 23.01750 1.01970 
C 17.89980 25.30850 2.23670 
H 17.57720 26.09910 2.65310 
C 17.64650 23.06520 1.80580 
H 17.15000 22.26440 1.92750 
C 19.26740 21.77770 0.39270 
S 20.96230 26.95840 0.21650 
C 19.78170 27.71360 2.33870 
H 19.20660 27.74240 3.09530 
C 19.81560 26.62840 1.46880 
C 20.65030 28.75450 2.02020 
H 20.73190 29.55460 2.52410 
C 21.36500 28.48360 0.90390 
H 22.01740 29.07090 0.53990 
S 18.71410 20.22210 0.75450 
C 20.24130 21.66520 -0.62870
H 20.70050 22.41220 -0.99470
C 20.46650 20.31890 -1.05550
H 20.97980 20.09940 -1.82360
C 19.95570 19.50460 -0.37110
H 20.17100 18.58050 -0.39460
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Table S70: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
I 1.73180 33.38340 9.05860 
F -5.19300 33.32900 14.45430 
F -3.70720 31.10310 14.05630 
F -2.64690 35.63740 11.26110 
F -1.62390 31.15730 12.34000 
F -4.67680 35.59030 13.04180 
C 0.05750 33.43770 10.21140 
C -3.41070 32.22890 13.39230 
C -3.91590 34.51000 12.86450 
C -4.17290 33.35910 13.57470 
C -2.03930 33.41750 11.78540 
C -0.90930 33.44580 10.90610 
C -2.86000 34.51950 11.97090 
C -2.35540 32.26700 12.51000 
N -9.25900 32.38660 13.07030 
C -11.12920 33.58810 13.97130 
C -11.56410 32.41980 14.58990 
H -12.35290 32.43410 15.11910 
C -10.85360 31.22650 14.44120 
C  -9.95080 33.51750 13.22430 
H  -9.62820 34.30810 12.80780 
C  -9.69740 31.27420 13.65510 
H  -9.20100 30.47340 13.53340 
C  -11.31840 29.98670 15.06820 
S  -13.01330 35.16740 15.24450 
C  -11.83270 35.92260 13.12220 
H  -11.25760 35.95140 12.36570 
C  -11.86660 34.83740 13.99210 
C  -12.70130 36.96350 13.44070 
H  -12.78290 37.76360 12.93680 
C  -13.41600 36.69260 14.55700 
H  -14.06840 37.27990 14.92110 
S  -10.76510 28.43110 14.70640 
C  -12.29230 29.87420 16.08970 
H  -12.75150 30.62120 16.45570 
C  -12.51750 28.52790 16.51640 
H  -13.03080 28.30840 17.28450 
C  -12.00670 27.71360 15.83200 
H  -12.22200 26.78950 15.85560 
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Table S71: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
I 20.78620 25.17440 -3.90490
F 27.71100 25.12000 -9.30070
F 26.22520 22.89410 -8.90260
F 25.16490 27.42840 -6.10750
F 24.14190 22.94830 -7.18630
F 27.19480 27.38130 -7.88820
C 22.46050 25.22870 -5.05780
C 25.92870 24.01990 -8.23860
C 26.43390 26.30100 -7.71090
C 26.69090 25.15010 -8.42110
C 24.55740 25.20850 -6.63170
C 23.42730 25.23680 -5.75250
C 25.37800 26.31050 -6.81720
C 24.87340 24.05800 -7.35630
N 18.53200 16.86740 -2.76300
C 20.40220 15.66590 -3.66400
C 20.83710 16.83420 -4.28260
H 21.62590 16.81990 -4.81180
C 20.12660 18.02750 -4.13390
C  19.22380  15.73650  -2.91700
H 18.90120 14.94590 -2.50050
C 18.97050 17.97980 -3.34780
H 18.47400 18.78060 -3.22620
C 20.59140 19.26730 -4.76090
S 22.28630 14.08660 -4.93720
C 21.10570 13.33140 -2.81490
H 20.53060 13.30260 -2.05840
C 21.13960 14.41660 -3.68490
C 21.97430 12.29050 -3.13340
H 22.05590 11.49040 -2.62960
C 22.68900 12.56140 -4.24970
H 23.34140 11.97410 -4.61380
S 20.03810 20.82290 -4.39920
C 21.56530 19.37980 -5.78240
H 22.02450 18.63280 -6.14840
C 21.79050 20.72610 -6.20910
H 22.30380 20.94560 -6.97720
C 21.27970 21.54040 -5.52470
H 21.49500 22.46450 -5.54830
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Table S72: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
I 1.73180 33.38340 9.05860 
F -5.19300 33.32900 14.45430 
F -3.70720 31.10310 14.05630 
F -2.64690 35.63740 11.26110 
F -1.62390 31.15730 12.34000 
F -4.67680 35.59030 13.04180 
C 0.05750 33.43770 10.21140 
C -3.41070 32.22890 13.39230 
C -3.91590 34.51000 12.86450 
C -4.17290 33.35910 13.57470 
C -2.03930 33.41750 11.78540 
C -0.90930 33.44580 10.90610 
C -2.86000 34.51950 11.97090 
C -2.35540 32.26700 12.51000 
N -10.60600 33.28540 17.85160 
C -8.73580 32.08390 16.95050 
C -8.30090 33.25220 16.33200 
H -7.51210 33.23790 15.80280 
C -9.01140 34.44550 16.48060 
C -9.91420 32.15450 17.69760 
H -10.23680 31.36390 18.11410 
C -10.16750 34.39780 17.26680 
H -10.66400 35.19860 17.38840 
C -8.54660 35.68530 15.85360 
S -6.85170 30.50460 15.67740 
C -8.03230 29.74940 17.79970 
H -8.60740 29.72060 18.55620 
C -7.99840 30.83460 16.92970 
C -7.16370 28.70850 17.48120 
H -7.08210 27.90840 17.98500 
C -6.44890 28.97940 16.36490 
H -5.79660 28.39210 16.00080 
S -9.09990 37.24090 16.21540 
C -7.57270 35.79780 14.83220 
H -7.11350 35.05080 14.46620 
C -7.34750 37.14410 14.40550 
H -6.83420 37.36360 13.63740 
C -7.85830 37.95840 15.08990 
H -7.64300 38.88250 15.06630 
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Table S73: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
I 20.78620 25.17440 -3.90490
F 27.71100 25.12000 -9.30070
F 26.22520 22.89410 -8.90260
F 25.16490 27.42840 -6.10750
F 24.14190 22.94830 -7.18630
F 27.19480 27.38130 -7.88820
C 22.46050 25.22870 -5.05780
C 25.92870 24.01990 -8.23860
C 26.43390 26.30100 -7.71090
C 26.69090 25.15010 -8.42110
C 24.55740 25.20850 -6.63170
C 23.42730 25.23680 -5.75250
C 25.37800 26.31050 -6.81720
C 24.87340 24.05800 -7.35630
N 18.53200 33.28540 -2.76300
C 20.40220 32.08390 -3.66400
C 20.83710 33.25220 -4.28260
H 21.62590 33.23790 -4.81180
C 20.12660 34.44550 -4.13390
C  19.22380  32.15450  -2.91700
H 18.90120 31.36390 -2.50050
C 18.97050 34.39780 -3.34780
H 18.47400 35.19860 -3.22620
C 20.59140 35.68530 -4.76090
S 22.28630 30.50460 -4.93720
C 21.10570 29.74940 -2.81490
H 20.53060 29.72060 -2.05840
C 21.13960 30.83460 -3.68490
C 21.97430 28.70850 -3.13340
H 22.05590 27.90840 -2.62960
C 22.68900 28.97940 -4.24970
H 23.34140 28.39210 -4.61380
S 20.03810 37.24090 -4.39920
C 21.56530 35.79780 -5.78240
H 22.02450 35.05080 -6.14840
C 21.79050 37.14410 -6.20910
H 22.30380 37.36360 -6.97720
C 21.27970 37.95840 -5.52470
H 21.49500 38.88250 -5.54830
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Table S74: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
I 1.73180 16.96540 9.05860 
F -5.19300 16.91100 14.45430 
F -3.70720 14.68510 14.05630 
F -2.64690 19.21940 11.26110 
F -1.62390 14.73930 12.34000 
F -4.67680 19.17230 13.04180 
C 0.05750 17.01970 10.21140 
C -3.41070 15.81090 13.39230 
C -3.91590 18.09200 12.86450 
C -4.17290 16.94110 13.57470 
C -2.03930 16.99950 11.78540 
C -0.90930 17.02780 10.90610 
C -2.86000 18.10150 11.97090 
C -2.35540 15.84900 12.51000 
N -9.28200 24.17760 12.69800 
C -7.41180 25.37910 11.79690 
C -6.97690 24.21080 11.17840 
H -6.18810 24.22510 10.64910 
C -7.68740 23.01750 11.32700 
C -8.59020 25.30850 12.54400 
H -8.91280 26.09910 12.96040 
C -8.84350 23.06520 12.11310 
H -9.34000 22.26440 12.23480 
C -7.22260 21.77770 10.70000 
S -5.52770 26.95840 10.52370 
C -6.70830 27.71360 12.64600 
H -7.28340 27.74240 13.40260 
C -6.67440 26.62840 11.77610 
C -5.83970 28.75450 12.32750 
H -5.75810 29.55460 12.83140 
C -5.12500 28.48360 11.21120 
H -4.47260 29.07090 10.84720 
S -7.77590 20.22210 11.06180 
C -6.24870 21.66520 9.67850 
H -5.78950 22.41220 9.31260 
C -6.02350 20.31890 9.25180 
H -5.51020 20.09940 8.48370 
C -6.53430 19.50460 9.93620 
H -6.31900 18.58050 9.91270 
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Table S75: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
N 3.96300 16.86740 7.54430 
C 5.83320 15.66590 6.64330 
C 6.26810 16.83420 6.02470 
H 7.05690 16.81990 5.49550 
C 5.55760 18.02750 6.17330 
C 4.65480 15.73650 7.39030 
H 4.33220 14.94590 7.80680 
C 4.40150 17.97980 6.95950 
H 3.90500 18.78060 7.08110 
C 6.02240 19.26730 5.54640 
S 7.71730 14.08660 5.37010 
C 6.53670 13.33140 7.49240 
H 5.96160 13.30260 8.24890 
C 6.57060 14.41660 6.62240 
C 7.40530 12.29050 7.17390 
H 7.48690 11.49040 7.67770 
C 8.12000 12.56140 6.05760 
H 8.77240 11.97410 5.69350 
S 5.46910 20.82290 5.90810 
C 6.99630 19.37980 4.52490 
H 7.45550 18.63280 4.15890 
C 7.22150 20.72610 4.09820 
H 7.73480 20.94560 3.33010 
C 6.71070 21.54040 4.78260 
H 6.92600 22.46450 4.75900 
I 14.97680 7.66160 3.90490 
F 8.05200 7.71600 9.30070 
F 9.53780 9.94190 8.90260 
F 10.59810 5.40760 6.10750 
F 11.62110 9.88770 7.18630 
F 8.56820 5.45470 7.88820 
C 13.30250 7.60730 5.05780 
C 9.83430 8.81610 8.23860 
C 9.32910 6.53500 7.71090 
C 9.07210 7.68590 8.42110 
C 11.20560 7.62750 6.63170 
C 12.33570 7.59920 5.75250 
C 10.38500 6.52550 6.81720 
C 10.88960 8.77800 7.35630 
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Table S76: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
N 3.96300 16.86740 7.54430 
C 5.83320 15.66590 6.64330 
C 6.26810 16.83420 6.02470 
H 7.05690 16.81990 5.49550 
C 5.55760 18.02750 6.17330 
C 4.65480 15.73650 7.39030 
H 4.33220 14.94590 7.80680 
C 4.40150 17.97980 6.95950 
H 3.90500 18.78060 7.08110 
C 6.02240 19.26730 5.54640 
S 7.71730 14.08660 5.37010 
C 6.53670 13.33140 7.49240 
H 5.96160 13.30260 8.24890 
C 6.57060 14.41660 6.62240 
C 7.40530 12.29050 7.17390 
H 7.48690 11.49040 7.67770 
C 8.12000 12.56140 6.05760 
H 8.77240 11.97410 5.69350 
S 5.46910 20.82290 5.90810 
C 6.99630 19.37980 4.52490 
H 7.45550 18.63280 4.15890 
C 7.22150 20.72610 4.09820 
H 7.73480 20.94560 3.33010 
C 6.71070 21.54040 4.78260 
H 6.92600 22.46450 4.75900 
I 3.05580 24.07960 3.90490 
F  -3.86900 24.13400 9.30070 
F  -2.38320 26.35990 8.90260 
F  -1.32290 21.82560 6.10750 
F  -0.29990 26.30570 7.18630 
F  -3.35280 21.87270 7.88820 
C  1.38150 24.02530 5.05780 
C  -2.08670 25.23410 8.23860 
C  -2.59190 22.95300 7.71090 
C  -2.84890 24.10390 8.42110 
C  -0.71540 24.04550 6.63170 
C  0.41470 24.01720 5.75250 
C  -1.53600 22.94350 6.81720 
C  -1.03140 25.19600 7.35630 
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Table S77: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
I 20.78620 25.17440 -3.90490 
F 27.71100 25.12000 -9.30070 
F 26.22520 22.89410 -8.90260 
F 25.16490 27.42840 -6.10750 
F 24.14190 22.94830 -7.18630 
F 27.19480 27.38130 -7.88820 
C 22.46050 25.22870 -5.05780 
C 25.92870 24.01990 -8.23860 
C 26.43390 26.30100 -7.71090 
C 26.69090 25.15010 -8.42110 
C 24.55740 25.20850 -6.63170 
C 23.42730 25.23680 -5.75250 
C 25.37800 26.31050 -6.81720 
C 24.87340 24.05800 -7.35630 
I  17.62480  24.07960  -6.40240
F  10.70000  24.13400  -1.00660
F  12.18580  26.35990  -1.40470
F  13.24610  21.82560  -4.19980
F  14.26910  26.30570  -3.12090
F  11.21620  21.87270  -2.41910
C  15.95050  24.02530  -5.24950
C  12.48230  25.23410  -2.06870
C  11.97710  22.95300  -2.59640
C  11.72010  24.10390  -1.88620
C  13.85360  24.04550  -3.67560
C  14.98370  24.01720  -4.55480
C  13.03300  22.94350  -3.49000
C  13.53760  25.19600  -2.95100
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Table S78: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
I 6.21720 25.17440 6.40240 
F 13.14200 25.12000 1.00660 
F 11.65620 22.89410 1.40470 
F 10.59590 27.42840 4.19980 
F 9.57290 22.94830 3.12090 
F 12.62580 27.38130 2.41910 
C 7.89150 25.22870 5.24950 
C 11.35970 24.01990 2.06870 
C 11.86490 26.30100 2.59640 
C 12.12190 25.15010 1.88620 
C 9.98840 25.20850 3.67560 
C 8.85830 25.23680 4.55480 
C 10.80900 26.31050 3.49000 
C 10.30440 24.05800 2.95100 
I  17.62480  24.07960  -6.40240
F  10.70000  24.13400  -1.00660
F  12.18580  26.35990  -1.40470
F  13.24610  21.82560  -4.19980
F  14.26910  26.30570  -3.12090
F  11.21620  21.87270  -2.41910
C  15.95050  24.02530  -5.24950
C  12.48230  25.23410  -2.06870
C  11.97710  22.95300  -2.59640
C  11.72010  24.10390  -1.88620
C  13.85360  24.04550  -3.67560
C  14.98370  24.01720  -4.55480
C  13.03300  22.94350  -3.49000
C  13.53760  25.19600  -2.95100
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Table S79: Cartesian coordinates (Å) for the Donor-Donor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
I 0.40780 -8.75640 14.21220 
F -6.51700 -8.70200 19.60800 
F -5.03120 -6.47610 19.20990 
F -3.97090 -11.01040 16.41480 
F -2.94790 -6.53030 17.49360 
F -6.00080 -10.96330 18.19550 
C -1.26650 -8.81070 15.36510 
C -4.73470 -7.60190 18.54590 
C -5.23990 -9.88300 18.01820 
C -5.49690 -8.73210 18.72840 
C -3.36330 -8.79050 16.93900 
C -2.23330 -8.81880 16.05980 
C -4.18400 -9.89250 17.12450 
C -3.67940 -7.64000 17.66360 
I  -9.67580 -0.54740 21.86330 
F  -2.75100 -0.49300 16.46750 
F  -4.23680 1.73290 16.86560 
F  -5.29710 -2.80140 19.66070 
F  -6.32010 1.67870 18.58190 
F  -3.26710 -2.75430 17.88010 
C  -8.00150 -0.60170 20.71040 
C  -4.53330 0.60710 17.52960 
C  -4.02810 -1.67400 18.05730 
C  -3.77110 -0.52310 17.34720 
C  -5.90460 -0.58150 19.13650 
C  -7.03470 -0.60980 20.01570 
C  -5.08400 -1.68350 18.95100 
C  -5.58850 0.56900 18.41190 
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Table S80: Cartesian coordinates (Å) for the Donor-Donor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
I 20.78620 25.17440 -3.90490
F 27.71100 25.12000 -9.30070
F 26.22520 22.89410 -8.90260
F 25.16490 27.42840 -6.10750
F 24.14190 22.94830 -7.18630
F 27.19480 27.38130 -7.88820
C 22.46050 25.22870 -5.05780
C 25.92870 24.01990 -8.23860
C 26.43390 26.30100 -7.71090
C 26.69090 25.15010 -8.42110
C 24.55740 25.20850 -6.63170
C 23.42730 25.23680 -5.75250
C 25.37800 26.31050 -6.81720
C 24.87340 24.05800 -7.35630
I 19.46220 32.28860 1.24870 
F 26.38700 32.34300 -4.14700
F 24.90120 34.56890 -3.74900
F 23.84090 30.03460 -0.95380
F 22.81790 34.51470 -2.03270
F 25.87080 30.08170 -2.73450
C 21.13650 32.23430 0.09590
C 24.60470 33.44310 -3.08500
C 25.10990 31.16200 -2.55720
C 25.36690 32.31290 -3.26740
C 23.23340 32.25450 -1.47810
C 22.10330 32.22620 -0.59890
C 24.05400 31.15250 -1.66360
C 23.54940 33.40500 -2.20270
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Table S81: Cartesian coordinates (Å) for the Acceptor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
S 14.80070 22.29560 -0.21650 
C 15.98130 21.54040 -2.33870 
H 16.55640 21.51160 -3.09530 
C 15.94740 22.62560 -1.46880 
C 15.11270 20.49950 -2.02020 
H 15.03110 19.69940 -2.52410 
C 14.39800 20.77040 -0.90390 
H 13.74560 20.18310 -0.53990 
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
N 5.28700 24.17760 2.39070 
C 7.15720 25.37910 1.48960 
C 7.59210 24.21080 0.87110 
H 8.38090 24.22510 0.34180 
C 6.88160 23.01750 1.01970 
C 5.97880 25.30850 2.23670 
H 5.65620 26.09910 2.65310 
C 5.72550 23.06520 1.80580 
H 5.22900 22.26440 1.92750 
C 7.34640 21.77770 0.39270 
S 9.04130 26.95840 0.21650 
C 7.86070 27.71360 2.33870 
H 7.28560 27.74240 3.09530 
C 7.89460 26.62840 1.46880 
C 8.72930 28.75450 2.02020 
H 8.81090 29.55460 2.52410 
C 9.44400 28.48360 0.90390 
H 10.09640 29.07090 0.53990 
S 6.79310 20.22210 0.75450 
C 8.32030 21.66520 -0.62870
H 8.77950 22.41220 -0.99470
C 8.54550 20.31890 -1.05550
H 9.05880 20.09940 -1.82360
C 8.03470 19.50460 -0.37110
H 8.25000 18.58050 -0.39460
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Table S82: Cartesian coordinates (Å) for the Acceptor-Acceptor Edge-Edge contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
N 19.85600 24.17760 -7.91660 
C 21.72620 25.37910 -8.81770 
C 22.16110 24.21080 -9.43620 
H 22.94990 24.22510 -9.96550 
C 21.45060 23.01750 -9.28760 
C 20.54780 25.30850 -8.07060 
H 20.22520 26.09910 -7.65420 
C 20.29450 23.06520 -8.50150 
H 19.79800 22.26440 -8.37980 
C 21.91540 21.77770 -9.91460 
S 23.61030 26.95840 -10.09080 
C 22.42970 27.71360 -7.96860 
H 21.85460 27.74240 -7.21200 
C 22.46360 26.62840 -8.83850 
C 23.29830 28.75450 -8.28710 
H 23.37990 29.55460 -7.78320 
C 24.01300 28.48360 -9.40330 
H 24.66540 29.07090 -9.76740 
S 21.36210 20.22210 -9.55280 
C 22.88930 21.66520 -10.93600 
H 23.34850 22.41220 -11.30200 
C 23.11450 20.31890 -11.36280 
H 23.62780 20.09940 -12.13090 
C 22.60370 19.50460 -10.67840 
H  22.81900  18.58050  -10.70190
N  19.87900  32.38660  -7.54430
C  18.00880  33.58810  -6.64330
C  17.57390  32.41980  -6.02470
H  16.78510  32.43410  -5.49550
C  18.28440  31.22650  -6.17330
C  19.18720  33.51750  -7.39030
H  19.50980  34.30810  -7.80680
C  19.44050  31.27420  -6.95950
H  19.93700  30.47340  -7.08110
C  17.81960  29.98670  -5.54640
S  16.12470  35.16740  -5.37010
C  17.30530  35.92260  -7.49240
H  17.88040  35.95140  -8.24890
C  17.27140  34.83740  -6.62240
C  16.43670  36.96350  -7.17390
H  16.35510  37.76360  -7.67770
C  15.72200  36.69260  -6.05760
H  15.06960  37.27990  -5.69350
S  18.37290  28.43110  -5.90810
C  16.84570  29.87420  -4.52490
H  16.38650  30.62120  -4.15890
C  16.62050  28.52790  -4.09820
H  16.10720  28.30840  -3.33010
C  17.13130  27.71360  -4.78260
H 16.91600 26.78950 -4.75900
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Table S83: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°. 
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
S 14.80070 22.29560 -0.21650 
C 15.98130 21.54040 -2.33870 
H 16.55640 21.51160 -3.09530 
C 15.94740 22.62560 -1.46880 
C 15.11270 20.49950 -2.02020 
H 15.03110 19.69940 -2.52410 
C 14.39800 20.77040 -0.90390 
H 13.74560 20.18310 -0.53990 
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
N  19.87900  32.38660  -7.54430
C  18.00880  33.58810  -6.64330
C  17.57390  32.41980  -6.02470
H  16.78510  32.43410  -5.49550
C  18.28440  31.22650  -6.17330
C  19.18720  33.51750  -7.39030
H  19.50980  34.30810  -7.80680
C  19.44050  31.27420  -6.95950
H  19.93700  30.47340  -7.08110
C  17.81960  29.98670  -5.54640
S  16.12470  35.16740  -5.37010
C  17.30530  35.92260  -7.49240
H  17.88040  35.95140  -8.24890
C  17.27140  34.83740  -6.62240
C  16.43670  36.96350  -7.17390
H  16.35510  37.76360  -7.67770
C  15.72200  36.69260  -6.05760
H  15.06960  37.27990  -5.69350
S 18.37290 28.43110 -5.90810
C 16.84570 29.87420 -4.52490
H 16.38650 30.62120 -4.15890
C 16.62050 28.52790 -4.09820
H 16.10720 28.30840 -3.33010
C 17.13130 27.71360 -4.78260
H 16.91600 26.78950 -4.75900
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Table S84: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = 24°.
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
S 14.80070 22.29560 -0.21650 
C 15.98130 21.54040 -2.33870 
H 16.55640 21.51160 -3.09530 
C 15.94740 22.62560 -1.46880 
C 15.11270 20.49950 -2.02020 
H 15.03110 19.69940 -2.52410 
C 14.39800 20.77040 -0.90390 
H 13.74560 20.18310 -0.53990 
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
N  19.87900  15.96860  -7.54430
C  18.00880  17.17010  -6.64330
C  17.57390  16.00180  -6.02470
H  16.78510  16.01610  -5.49550
C  18.28440  14.80850  -6.17330
C  19.18720  17.09950  -7.39030
H  19.50980  17.89010  -7.80680
C  19.44050  14.85620  -6.95950
H  19.93700  14.05540  -7.08110
C  17.81960  13.56870  -5.54640
S  16.12470  18.74940  -5.37010
C  17.30530  19.50460  -7.49240
H  17.88040  19.53340  -8.24890
C  17.27140  18.41940  -6.62240
C  16.43670  20.54550  -7.17390
H  16.35510  21.34560  -7.67770
C  15.72200  20.27460  -6.05760
H  15.06960  20.86190  -5.69350
S 18.37290 12.01310 -5.90810
C 16.84570 13.45620 -4.52490
H 16.38650 14.20320 -4.15890
C 16.62050 12.10990 -4.09820
H 16.10720 11.89040 -3.33010
C 17.13130 11.29560 -4.78260
H 16.91600 10.37150 -4.75900
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Table S85: Cartesian coordinates (Å) for the XB contact in the F5BAI-PyrThio2 co crystal with a 
torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 22.11020 15.87060 -9.05860 
F 29.03500 15.92500 -14.45430 
F 27.54920 18.15090 -14.05630 
F 26.48890 13.61660 -11.26110 
F 25.46590 18.09670 -12.34000 
F 28.51880 13.66370 -13.04180 
C 23.78450 15.81630 -10.21140 
C 27.25270 17.02510 -13.39230 
C 27.75790 14.74400 -12.86450 
C 28.01490 15.89490 -13.57470 
C 25.88130 15.83650 -11.78540 
C 24.75130 15.80820 -10.90610 
C 26.70200 14.73450 -11.97090 
C 26.19740 16.98700 -12.51000 
N 19.87900 15.96860 -7.54430 
C 18.00880 17.17010 -6.64330 
C 17.57390 16.00180 -6.02470 
H 16.78510 16.01610 -5.49550 
C 18.28440 14.80850 -6.17330 
C  19.18720  17.09950  -7.39030
H  19.50980  17.89010  -7.80680
C  19.44050  14.85620  -6.95950
H  19.93700  14.05540  -7.08110
C  17.81960  13.56870  -5.54640
C  17.20660  18.43080  -6.42140
S  17.42530  19.72950  -7.47690
C  16.14190  20.57340  -6.72240
H  15.85640  21.43870  -6.98840
C  15.58130  19.88220  -5.71440
H  14.87050  20.20820  -5.17440
C  16.16430  18.64260  -5.56590
H  15.87280  18.00070  -4.92820
S  18.37290  12.01310  -5.90810
C  16.84570  13.45620  -4.52490
H  16.38650  14.20320  -4.15890
C  16.62050  12.10990  -4.09820
H  16.10720  11.89040  -3.33010
C  17.13130  11.29560  -4.78260
H 16.91600 10.37150 -4.75900
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Table S86: Cartesian coordinates (Å) for the Donor-Acceptor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 19.87900 15.96860 -7.54430 
C 18.00880 17.17010 -6.64330 
C 17.57390 16.00180 -6.02470 
H 16.78510 16.01610 -5.49550 
C 18.28440 14.80850 -6.17330 
C 19.18720 17.09950 -7.39030 
H 19.50980 17.89010 -7.80680 
C 19.44050 14.85620 -6.95950 
H 19.93700 14.05540 -7.08110 
C 17.81960 13.56870 -5.54640 
C 17.20660 18.43080 -6.42140 
S 17.42530 19.72950 -7.47690 
C 16.14190 20.57340 -6.72240 
H 15.85640 21.43870 -6.98840 
C 15.58130 19.88220 -5.71440 
H 14.87050 20.20820 -5.17440 
C 16.16430 18.64260 -5.56590 
H 15.87280 18.00070 -4.92820 
S 18.37290 12.01310 -5.90810 
C  16.84570  13.45620  -4.52490
H  16.38650  14.20320  -4.15890
C  16.62050  12.10990  -4.09820
H  16.10720  11.89040  -3.33010
C  17.13130  11.29560  -4.78260
H  16.91600  10.37150  -4.75900
I  18.94880  16.96540  -11.55600
F  12.02400  16.91100  -6.16030
F  13.50980  14.68510  -6.55830
F  14.57010  19.21940  -9.35350
F  15.59310  14.73930  -8.27460
F  12.54020  19.17230  -7.57280
C  17.27450  17.01970  -10.40320
C  13.80630  15.81090  -7.22230
C  13.30110  18.09200  -7.75010
C  13.04410  16.94110  -7.03990
C  15.17760  16.99950  -8.82920
C  16.30770  17.02780  -9.70840
C  14.35700  18.10150  -8.64370
C  14.86160  15.84900  -8.10460
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Table S87: Cartesian coordinates (Å) for the Donor-Donor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 10.18920 15.87060 -9.05860 
F 17.11400 15.92500 -14.45430 
F 15.62820 18.15090 -14.05630 
F 14.56790 13.61660 -11.26110 
F 13.54490 18.09670 -12.34000 
F 16.59780 13.66370 -13.04180 
C 11.86350 15.81630 -10.21140 
C 15.33170 17.02510 -13.39230 
C 15.83690 14.74400 -12.86450 
C 16.09390 15.89490 -13.57470 
C 13.96030 15.83650 -11.78540 
C 12.83030 15.80820 -10.90610 
C 14.78100 14.73450 -11.97090 
C 14.27640 16.98700 -12.51000 
I  18.94880  16.96540  -11.55600
F  12.02400  16.91100  -6.16030
F  13.50980  14.68510  -6.55830
F  14.57010  19.21940  -9.35350
F  15.59310  14.73930  -8.27460
F  12.54020  19.17230  -7.57280
C  17.27450  17.01970  -10.40320
C  13.80630  15.81090  -7.22230
C  13.30110  18.09200  -7.75010
C  13.04410  16.94110  -7.03990
C  15.17760  16.99950  -8.82920
C  16.30770  17.02780  -9.70840
C  14.35700  18.10150  -8.64370
C  14.86160  15.84900  -8.10460
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Table S88: Cartesian coordinates (Å) for the Acceptor-Acceptor π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°.
atom x y z 
N 7.95800 32.38660 -7.54430 
C 6.08780 33.58810 -6.64330 
C 5.65290 32.41980 -6.02470 
H 4.86410 32.43410 -5.49550 
C 6.36340 31.22650 -6.17330 
C 7.26620 33.51750 -7.39030 
H 7.58880 34.30810 -7.80680 
C 7.51950 31.27420 -6.95950 
H 8.01600 30.47340 -7.08110 
C 5.89860 29.98670 -5.54640 
C 5.28560 34.84880 -6.42140 
S 5.50430 36.14750 -7.47690 
C 4.22090 36.99140 -6.72240 
H 3.93540 37.85670 -6.98840 
C 3.66030 36.30020 -5.71440 
H 2.94950 36.62620 -5.17440 
C 4.24330 35.06060 -5.56590 
H 3.95180 34.41870 -4.92820 
S 6.45190 28.43110 -5.90810 
C 4.92470 29.87420 -4.52490 
H 4.46550 30.62120 -4.15890 
C 4.69950 28.52790 -4.09820 
H 4.18620 28.30840 -3.33010 
C 5.21030 27.71360 -4.78260 
H 4.99500 26.78950 -4.75900
N 6.61100 33.28540 -2.76300
C 8.48120 32.08390 -3.66400
C 8.91610 33.25220 -4.28260
H 9.70490 33.23790 -4.81180
C 8.20560 34.44550 -4.13390
C 7.30280 32.15450 -2.91700
H 6.98020 31.36390 -2.50050
C 7.04950 34.39780 -3.34780
H 6.55300 35.19860 -3.22620
C 8.67040 35.68530 -4.76090
C 9.28340 30.82320 -3.88580
S 9.06470 29.52450 -2.83040
C 10.34810 28.68060 -3.58490
H 10.63360 27.81530 -3.31890
C 10.90870 29.37180 -4.59290
H 11.61950 29.04580 -5.13290
C 10.32570 30.61140 -4.74140
H 10.61720 31.25330 -5.37910
S 8.11710 37.24090 -4.39920
C 9.64430 35.79780 -5.78240
H 10.10350 35.05080 -6.14840
C 9.86950 37.14410 -6.20910
H 10.38280 37.36360 -6.97720
C 9.35870 37.95840 -5.52470
H 9.57400 38.88250 -5.54830
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Table S89: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 10.18920 32.28860 -9.05860
F 17.11400 32.34300 -14.45430
F 15.62820 34.56890 -14.05630
F 14.56790 30.03460 -11.26110
F 13.54490 34.51470 -12.34000
F 16.59780 30.08170 -13.04180
C 11.86350 32.23430 -10.21140
C 15.33170 33.44310 -13.39230
C 15.83690 31.16200 -12.86450
C 16.09390 32.31290 -13.57470
C 13.96030 32.25450 -11.78540
C 12.83030 32.22620 -10.90610
C 14.78100 31.15250 -11.97090
C 14.27640 33.40500 -12.51000
N 6.61100 33.28540 -2.76300
C 8.48120 32.08390 -3.66400
C 8.91610 33.25220 -4.28260
H 9.70490 33.23790 -4.81180
C 8.20560 34.44550 -4.13390
C  7.30280  32.15450  -2.91700
H 6.98020 31.36390 -2.50050
C 7.04950 34.39780 -3.34780
H 6.55300 35.19860 -3.22620
C 8.67040 35.68530 -4.76090
C 9.28340 30.82320 -3.88580
S 9.06470 29.52450 -2.83040
C 10.34810 28.68060 -3.58490
H 10.63360 27.81530 -3.31890
C 10.90870 29.37180 -4.59290
H 11.61950 29.04580 -5.13290
C 10.32570 30.61140 -4.74140
H 10.61720 31.25330 -5.37910
S 8.11710 37.24090 -4.39920
C 9.64430 35.79780 -5.78240
H 10.10350 35.05080 -6.14840
C 9.86950 37.14410 -6.20910
H 10.38280 37.36360 -6.97720
C 9.35870 37.95840 -5.52470
H 9.57400 38.88250 -5.54830
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Table S90: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 10.18920 15.87060 -9.05860 
F 17.11400 15.92500 -14.45430 
F 15.62820 18.15090 -14.05630 
F 14.56790 13.61660 -11.26110 
F 13.54490 18.09670 -12.34000 
F 16.59780 13.66370 -13.04180 
C 11.86350 15.81630 -10.21140 
C 15.33170 17.02510 -13.39230 
C 15.83690 14.74400 -12.86450 
C 16.09390 15.89490 -13.57470 
C 13.96030 15.83650 -11.78540 
C 12.83030 15.80820 -10.90610 
C 14.78100 14.73450 -11.97090 
C 14.27640 16.98700 -12.51000 
N 21.18000 16.86740 -13.07030 
C 23.05020 15.66590 -13.97130 
C 23.48510 16.83420 -14.58990 
H 24.27390 16.81990 -15.11910 
C 22.77460 18.02750 -14.44120 
C  21.87180  15.73650  -13.22430
H  21.54920  14.94590  -12.80780
C  21.61840  17.97980  -13.65510
H  21.12200  18.78060  -13.53340
C  23.23940  19.26730  -15.06820
C  23.85240  14.40520  -14.19310
S  23.63370  13.10650  -13.13770
C  24.91710  12.26260  -13.89220
H  25.20260  11.39730  -13.62610
C  25.47770  12.95380  -14.90020
H  26.18850  12.62780  -15.44020
C  24.89470  14.19340  -15.04860
H  25.18620  14.83530  -15.68640
S  22.68610  20.82290  -14.70640
C  24.21330  19.37980  -16.08970
H  24.67250  18.63280  -16.45570
C  24.43850  20.72610  -16.51640
H  24.95180  20.94560  -17.28450
C  23.92770  21.54040  -15.83200
H  24.14300  22.46450  -15.85560
212
Table S91: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 22.11020 15.87060 -9.05860
F 29.03500 15.92500 -14.45430
F 27.54920 18.15090 -14.05630
F 26.48890 13.61660 -11.26110
F 25.46590 18.09670 -12.34000
F 28.51880 13.66370 -13.04180
C 23.78450 15.81630 -10.21140
C 27.25270 17.02510 -13.39230
C 27.75790 14.74400 -12.86450
C 28.01490 15.89490 -13.57470
C 25.88130 15.83650 -11.78540
C 24.75130 15.80820 -10.90610
C 26.70200 14.73450 -11.97090
C 26.19740 16.98700 -12.51000
N 19.85600 24.17760 -7.91660
C 21.72620 25.37910 -8.81770
C 22.16110 24.21080 -9.43620
H 22.94990 24.22510 -9.96550
C 21.45060 23.01750 -9.28760
C  20.54780  25.30850  -8.07060
H 20.22520 26.09910 -7.65420
C 20.29450 23.06520 -8.50150
H 19.79800 22.26440 -8.37980
C 21.91540 21.77770 -9.91460
C 22.52840 26.63980 -9.03950
S 22.30970 27.93850 -7.98400
C 23.59310 28.78240 -8.73850
H 23.87860 29.64770 -8.47250
C 24.15370 28.09120 -9.74660
H 24.86450 28.41720 -10.28660
C 23.57070 26.85160 -9.89500
H 23.86220 26.20970 -10.53270
S 21.36210 20.22210 -9.55280
C 22.88930 21.66520 -10.93600
H 23.34850 22.41220 -11.30200
C 23.11450 20.31890 -11.36280
H 23.62780 20.09940 -12.13090
C 22.60370 19.50460 -10.67840
H 22.81900 18.58050 -10.70190
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Table S92: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 19.87900 15.96860 -7.54430 
C 18.00880 17.17010 -6.64330 
C 17.57390 16.00180 -6.02470 
H 16.78510 16.01610 -5.49550 
C 18.28440 14.80850 -6.17330 
C 19.18720 17.09950 -7.39030 
H 19.50980 17.89010 -7.80680
C 19.44050 14.85620 -6.95950
H 19.93700 14.05540 -7.08110
C 17.81960 13.56870 -5.54640
C 17.20660 18.43080 -6.42140
S 17.42530 19.72950 -7.47690
C 16.14190 20.57340 -6.72240
H 15.85640 21.43870 -6.98840
C 15.58130 19.88220 -5.71440
H 14.87050 20.20820 -5.17440
C 16.16430 18.64260 -5.56590
H 15.87280 18.00070 -4.92820
S 18.37290 12.01310 -5.90810
C  16.84570  13.45620  -4.52490
H  16.38650  14.20320  -4.15890
C  16.62050  12.10990  -4.09820
H  16.10720  11.89040  -3.33010
C  17.13130  11.29560  -4.78260
H  16.91600  10.37150  -4.75900
I 7.54120 15.87060 1.24870 
F 14.46600 15.92500 -4.14700
F 12.98020 18.15090 -3.74900
F 11.91990 13.61660 -0.95380
F 10.89690 18.09670 -2.03270
F 13.94980 13.66370 -2.73450
C 9.21550 15.81630 0.09590
C 12.68370 17.02510 -3.08500
C 13.18890 14.74400 -2.55720
C 13.44590 15.89490 -3.26740
C 11.31240 15.83650 -1.47810
C 10.18230 15.80820 -0.59890
C 12.13300 14.73450 -1.66360
C 11.62840 16.98700 -2.20270
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Table S93: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 19.87900 15.96860 -7.54430
C 18.00880 17.17010 -6.64330
C 17.57390 16.00180 -6.02470
H 16.78510 16.01610 -5.49550
C 18.28440 14.80850 -6.17330
C 19.18720 17.09950 -7.39030
H 19.50980 17.89010 -7.80680
C 19.44050 14.85620 -6.95950
H 19.93700 14.05540 -7.08110
C 17.81960 13.56870 -5.54640
C 17.20660 18.43080 -6.42140
S 17.42530 19.72950 -7.47690
C 16.14190 20.57340 -6.72240
H 15.85640 21.43870 -6.98840
C 15.58130 19.88220 -5.71440
H 14.87050 20.20820 -5.17440
C 16.16430 18.64260 -5.56590
H 15.87280 18.00070 -4.92820
S 18.37290 12.01310 -5.90810
C  16.84570  13.45620  -4.52490
H 16.38650 14.20320 -4.15890
C 16.62050 12.10990 -4.09820
H 16.10720 11.89040 -3.33010
C 17.13130 11.29560 -4.78260
H 16.91600 10.37150 -4.75900
I 17.62480 24.07960 -6.40240
F 10.70000 24.13400 -1.00660
F 12.18580 26.35990 -1.40470
F 13.24610 21.82560 -4.19980
F 14.26910 26.30570 -3.12090
F 11.21620 21.87270 -2.41910
C 15.95050 24.02530 -5.24950
C 12.48230 25.23410 -2.06870
C 11.97710 22.95300 -2.59640
C 11.72010 24.10390 -1.88620
C 13.85360 24.04550 -3.67560
C 14.98370 24.01720 -4.55480
C 13.03300 22.94350 -3.49000
C 13.53760 25.19600 -2.95100
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Table S94: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 19.87900 15.96860 -7.54430
C 18.00880 17.17010 -6.64330
C 17.57390 16.00180 -6.02470
H 16.78510 16.01610 -5.49550
C 18.28440 14.80850 -6.17330
C 19.18720 17.09950 -7.39030
H 19.50980 17.89010 -7.80680
C 19.44050 14.85620 -6.95950
H 19.93700 14.05540 -7.08110
C 17.81960 13.56870 -5.54640
C 17.20660 18.43080 -6.42140
S 17.42530 19.72950 -7.47690
C 16.14190 20.57340 -6.72240
H 15.85640 21.43870 -6.98840
C 15.58130 19.88220 -5.71440
H 14.87050 20.20820 -5.17440
C 16.16430 18.64260 -5.56590
H 15.87280 18.00070 -4.92820
S 18.37290 12.01310 -5.90810
C  16.84570  13.45620  -4.52490
H 16.38650 14.20320 -4.15890
C 16.62050 12.10990 -4.09820
H 16.10720 11.89040 -3.33010
C 17.13130 11.29560 -4.78260
H 16.91600 10.37150 -4.75900
I 8.86520 25.17440 -3.90490
F 15.79000 25.12000 -9.30070
F 14.30420 22.89410 -8.90260
F 13.24390 27.42840 -6.10750
F 12.22090 22.94830 -7.18630
F 15.27380 27.38130 -7.88820
C 10.53950 25.22870 -5.05780
C 14.00770 24.01990 -8.23860
C 14.51290 26.30100 -7.71090
C 14.76990 25.15010 -8.42110
C 12.63640 25.20850 -6.63170
C 11.50630 25.23680 -5.75250
C 13.45700 26.31050 -6.81720
C 12.95240 24.05800 -7.35630
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Table S95: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 19.87900 15.96860 -7.54430 
C 18.00880 17.17010 -6.64330 
C 17.57390 16.00180 -6.02470 
H 16.78510 16.01610 -5.49550 
C 18.28440 14.80850 -6.17330 
C 19.18720 17.09950 -7.39030 
H 19.50980 17.89010 -7.80680 
C 19.44050 14.85620 -6.95950 
H 19.93700 14.05540 -7.08110 
C 17.81960 13.56870 -5.54640 
C 17.20660 18.43080 -6.42140 
S 17.42530 19.72950 -7.47690 
C 16.14190 20.57340 -6.72240 
H 15.85640 21.43870 -6.98840 
C 15.58130 19.88220 -5.71440 
H 14.87050 20.20820 -5.17440 
C 16.16430 18.64260 -5.56590 
H 15.87280 18.00070 -4.92820 
S 18.37290 12.01310 -5.90810 
C  16.84570  13.45620  -4.52490
H  16.38650  14.20320  -4.15890
C  16.62050  12.10990  -4.09820
H  16.10720  11.89040  -3.33010
C  17.13130  11.29560  -4.78260
H  16.91600  10.37150  -4.75900
I  8.86520  8.75640  -3.90490
F  15.79000  8.70200  -9.30070
F  14.30420  6.47610  -8.90260
F  13.24390  11.01040  -6.10750
F  12.22090  6.53030  -7.18630
F  15.27380  10.96330  -7.88820
C  10.53950  8.81070  -5.05780
C  14.00770  7.60190  -8.23860
C  14.51290  9.88300  -7.71090
C  14.76990  8.73210  -8.42110
C  12.63640  8.79050  -6.63170
C  11.50630  8.81880  -5.75250
C  13.45700  9.89250  -6.81720
C  12.95240  7.64000  -7.35630
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Table S96: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 7.54120 32.28860 1.24870 
F 14.46600 32.34300 -4.14700
F 12.98020 34.56890 -3.74900
F 11.91990 30.03460 -0.95380
F 10.89690 34.51470 -2.03270
F 13.94980 30.08170 -2.73450
C 9.21550 32.23430 0.09590
C 12.68370 33.44310 -3.08500
C 13.18890 31.16200 -2.55720
C 13.44590 32.31290 -3.26740
C 11.31240 32.25450 -1.47810
C 10.18230 32.22620 -0.59890
C 12.13300 31.15250 -1.66360
C 11.62840 33.40500 -2.20270
N 6.63400 25.07640 -2.39070
C 4.76380 23.87490 -1.48960
C 4.32890 25.04320 -0.87110
H 3.54010 25.02890 -0.34180
C 5.03940 26.23650 -1.01970
C  5.94220  23.94550  -2.23670
H 6.26480 23.15490 -2.65310
C 6.19550 26.18880 -1.80580
H 6.69200 26.98960 -1.92750
C 4.57460 27.47630 -0.39270
C 3.96160 22.61420 -1.26780
S 4.18030 21.31550 -2.32330
C 2.89690 20.47160 -1.56880
H 2.61140 19.60630 -1.83480
C 2.33630 21.16280 -0.56070
H 1.62550 20.83680 -0.02070
C 2.91930 22.40240 -0.41230
H 2.62780 23.04430 0.22540
S 5.12790 29.03190 -0.75450
C 3.60070 27.58880 0.62870
H 3.14150 26.84180 0.99470
C 3.37550 28.93510 1.05550
H 2.86220 29.15460 1.82360
C 3.88630 29.74940 0.37110
H 3.67100 30.67350 0.39460
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Table S97: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°.
atom x y z 
I 22.11020 15.87060 -9.05860 
F 29.03500 15.92500 -14.45430 
F 27.54920 18.15090 -14.05630 
F 26.48890 13.61660 -11.26110 
F 25.46590 18.09670 -12.34000 
F 28.51880 13.66370 -13.04180 
C 23.78450 15.81630 -10.21140 
C 27.25270 17.02510 -13.39230 
C 27.75790 14.74400 -12.86450 
C 28.01490 15.89490 -13.57470 
C 25.88130 15.83650 -11.78540 
C 24.75130 15.80820 -10.90610 
C 26.70200 14.73450 -11.97090 
C 26.19740 16.98700 -12.51000 
I  18.94880  16.96540  -11.55600
F  12.02400  16.91100  -6.16030
F  13.50980  14.68510  -6.55830
F  14.57010  19.21940  -9.35350
F  15.59310  14.73930  -8.27460
F  12.54020  19.17230  -7.57280
C  17.27450  17.01970  -10.40320
C  13.80630  15.81090  -7.22230
C  13.30110  18.09200  -7.75010
C  13.04410  16.94110  -7.03990
C  15.17760  16.99950  -8.82920
C  16.30770  17.02780  -9.70840
C  14.35700  18.10150  -8.64370
C  14.86160  15.84900  -8.10460
219
Table S98: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 7.54120 15.87060 1.24870 
F 14.46600 15.92500 -4.14700 
F 12.98020 18.15090 -3.74900 
F 11.91990 13.61660 -0.95380 
F 10.89690 18.09670 -2.03270 
F 13.94980 13.66370 -2.73450 
C 9.21550 15.81630 0.09590 
C 12.68370 17.02510 -3.08500 
C 13.18890 14.74400 -2.55720 
C 13.44590 15.89490 -3.26740 
C 11.31240 15.83650 -1.47810 
C 10.18230 15.80820 -0.59890 
C 12.13300 14.73450 -1.66360 
C 11.62840 16.98700 -2.20270 
I  18.94880  16.96540  -11.55600
F  12.02400  16.91100  -6.16030
F  13.50980  14.68510  -6.55830
F  14.57010  19.21940  -9.35350
F  15.59310  14.73930  -8.27460
F  12.54020  19.17230  -7.57280
C  17.27450  17.01970  -10.40320
C  13.80630  15.81090  -7.22230
C  13.30110  18.09200  -7.75010
C  13.04410  16.94110  -7.03990
C  15.17760  16.99950  -8.82920
C  16.30770  17.02780  -9.70840
C  14.35700  18.10150  -8.64370
C  14.86160  15.84900  -8.10460
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Table S99: Cartesian coordinates (Å) for the Donor-Donor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 7.54120 32.28860 1.24870 
F 14.46600 32.34300 -4.14700 
F 12.98020 34.56890 -3.74900 
F 11.91990 30.03460 -0.95380 
F 10.89690 34.51470 -2.03270 
F 13.94980 30.08170 -2.73450 
C 9.21550 32.23430 0.09590 
C 12.68370 33.44310 -3.08500 
C 13.18890 31.16200 -2.55720 
C 13.44590 32.31290 -3.26740 
C 11.31240 32.25450 -1.47810 
C 10.18230 32.22620 -0.59890 
C 12.13300 31.15250 -1.66360 
C 11.62840 33.40500 -2.20270 
I 17.62480 24.07960 -6.40240
F 10.70000 24.13400 -1.00660
F 12.18580 26.35990 -1.40470
F 13.24610 21.82560 -4.19980
F 14.26910 26.30570 -3.12090
F 11.21620 21.87270 -2.41910
C 15.95050 24.02530 -5.24950
C 12.48230 25.23410 -2.06870
C 11.97710 22.95300 -2.59640
C 11.72010 24.10390 -1.88620
C 13.85360 24.04550 -3.67560
C 14.98370 24.01720 -4.55480
C 13.03300 22.94350 -3.49000
C 13.53760 25.19600 -2.95100
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Table S100: Cartesian coordinates (Å) for the Donor-Donor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
I 10.18920 15.87060 -9.05860
F 17.11400 15.92500 -14.45430
F 15.62820 18.15090 -14.05630
F 14.56790 13.61660 -11.26110
F 13.54490 18.09670 -12.34000
F 16.59780 13.66370 -13.04180
C 11.86350 15.81630 -10.21140
C 15.33170 17.02510 -13.39230
C 15.83690 14.74400 -12.86450
C 16.09390 15.89490 -13.57470
C 13.96030 15.83650 -11.78540
C 12.83030 15.80820 -10.90610
C 14.78100 14.73450 -11.97090
C 14.27640 16.98700 -12.51000
I  8.86520  8.75640  -3.90490
F 15.79000 8.70200 -9.30070
F 14.30420 6.47610 -8.90260
F 13.24390 11.01040 -6.10750
F 12.22090 6.53030 -7.18630
F 15.27380 10.96330 -7.88820
C 10.53950 8.81070 -5.05780
C 14.00770 7.60190 -8.23860
C 14.51290 9.88300 -7.71090
C 14.76990 8.73210 -8.42110
C 12.63640 8.79050 -6.63170
C 11.50630 8.81880 -5.75250
C 13.45700 9.89250 -6.81720
C 12.95240 7.64000 -7.35630
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Table S101: Cartesian coordinates (Å) for the Acceptor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 5.31000 32.38660 2.76300 
C 3.43980 33.58810 3.66400 
C 3.00490 32.41980 4.28260 
H 2.21610 32.43410 4.81180 
C 3.71540 31.22650 4.13390 
C 4.61820 33.51750 2.91700 
H 4.94080 34.30810 2.50050 
C 4.87150 31.27420 3.34780 
H 5.36800 30.47340 3.22620 
C 3.25060 29.98670 4.76090 
C 2.63760 34.84880 3.88580 
S 2.85630 36.14750 2.83040 
C 1.57290 36.99140 3.58490 
H 1.28740 37.85670 3.31890 
C 1.01230 36.30020 4.59290 
H 0.30150 36.62620 5.13290 
C 1.59530 35.06060 4.74140 
H 1.30380 34.41870 5.37910 
S 3.80390 28.43110 4.39920 
C 2.27670 29.87420 5.78240 
H 1.81750 30.62120 6.14840 
C 2.05150 28.52790 6.20910 
H 1.53820 28.30840 6.97720 
C 2.56230 27.71360 5.52470 
H  2.34700 26.78950 5.54830 
N  -7.95800 33.28540 7.54430 
C  -6.08780 32.08390 6.64330 
C  -5.65290 33.25220 6.02470 
H  -4.86410 33.23790 5.49550 
C  -6.36340 34.44550 6.17330 
C  -7.26620 32.15450 7.39030 
H  -7.58880 31.36390 7.80680 
C  -7.51950 34.39780 6.95950 
H  -8.01600 35.19860 7.08110 
C  -5.89860 35.68530 5.54640 
C  -5.28560 30.82320 6.42140 
S  -5.50430 29.52450 7.47690 
C  -4.22090 28.68060 6.72240 
H  -3.93540 27.81530 6.98840 
C  -3.66030 29.37180 5.71440 
H  -2.94950 29.04580 5.17440 
C  -4.24330 30.61140 5.56590 
H  -3.95180 31.25330 4.92820 
S  -6.45190 37.24090 5.90810 
C  -4.92470 35.79780 4.52490 
H  -4.46550 35.05080 4.15890 
C  -4.69950 37.14410 4.09820 
H  -4.18620 37.36360 3.33010 
C  -5.21030 37.95840 4.78260 
H -4.99500 38.88250 4.75900 
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Table S102: Cartesian coordinates (Å) for the Acceptor-Acceptor Edge-Edge contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 19.87900 15.96860 -7.54430 
C 18.00880 17.17010 -6.64330 
C 17.57390 16.00180 -6.02470 
H 16.78510 16.01610 -5.49550 
C 18.28440 14.80850 -6.17330 
C 19.18720 17.09950 -7.39030 
H 19.50980 17.89010 -7.80680 
C 19.44050 14.85620 -6.95950 
H 19.93700 14.05540 -7.08110 
C 17.81960 13.56870 -5.54640 
C 17.20660 18.43080 -6.42140 
S 17.42530 19.72950 -7.47690 
C 16.14190 20.57340 -6.72240 
H 15.85640 21.43870 -6.98840 
C 15.58130 19.88220 -5.71440 
H 14.87050 20.20820 -5.17440 
C 16.16430 18.64260 -5.56590 
H 15.87280 18.00070 -4.92820 
S 18.37290 12.01310 -5.90810 
C 16.84570 13.45620 -4.52490 
H 16.38650 14.20320 -4.15890 
C 16.62050 12.10990 -4.09820 
H 16.10720 11.89040 -3.33010 
C 17.13130 11.29560 -4.78260 
H  16.91600  10.37150  -4.75900
N  19.85600  24.17760  -7.91660
C  21.72620  25.37910  -8.81770
C  22.16110  24.21080  -9.43620
H  22.94990  24.22510  -9.96550
C  21.45060  23.01750  -9.28760
C  20.54780  25.30850  -8.07060
H  20.22520  26.09910  -7.65420
C  20.29450  23.06520  -8.50150
H  19.79800  22.26440  -8.37980
C  21.91540  21.77770  -9.91460
C  22.52840  26.63980  -9.03950
S  22.30970  27.93850  -7.98400
C  23.59310  28.78240  -8.73850
H  23.87860  29.64770  -8.47250
C  24.15370  28.09120  -9.74660
H  24.86450  28.41720  -10.28660
C  23.57070  26.85160  -9.89500
H  23.86220  26.20970  -10.53270
S  21.36210  20.22210  -9.55280
C  22.88930  21.66520  -10.93600
H  23.34850  22.41220  -11.30200
C  23.11450  20.31890  -11.36280
H  23.62780  20.09940  -12.13090
C  22.60370  19.50460  -10.67840
H 22.81900 18.58050 -10.70190
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Table S103: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°. 
atom x y z 
N 7.95800 32.38660 -7.54430 
C 6.08780 33.58810 -6.64330 
C 5.65290 32.41980 -6.02470 
H 4.86410 32.43410 -5.49550 
C 6.36340 31.22650 -6.17330 
C 7.26620 33.51750 -7.39030 
H 7.58880 34.30810 -7.80680 
C 7.51950 31.27420 -6.95950 
H 8.01600 30.47340 -7.08110 
C 5.89860 29.98670 -5.54640 
C 5.28560 34.84880 -6.42140 
S 5.50430 36.14750 -7.47690 
C 4.22090 36.99140 -6.72240 
H 3.93540 37.85670 -6.98840 
C 3.66030 36.30020 -5.71440 
H 2.94950 36.62620 -5.17440 
C 4.24330 35.06060 -5.56590 
H 3.95180 34.41870 -4.92820 
S 6.45190 28.43110 -5.90810
C 4.92470 29.87420 -4.52490
H 4.46550 30.62120 -4.15890
C 4.69950 28.52790 -4.09820
H 4.18620 28.30840 -3.33010
C 5.21030 27.71360 -4.78260
H  4.99500  26.78950  -4.75900
N  6.63400  41.49440  -2.39070
C  4.76380  40.29290  -1.48960
C  4.32890  41.46120  -0.87110
H  3.54010  41.44690  -0.34180
C  5.03940  42.65450  -1.01970
C  5.94220  40.36350  -2.23670
H  6.26480  39.57290  -2.65310
C  6.19550  42.60680  -1.80580
H  6.69200  43.40760  -1.92750
C  4.57460  43.89430  -0.39270
C  3.96160  39.03220  -1.26780
S  4.18030  37.73350  -2.32330
C  2.89690  36.88960  -1.56880
H  2.61140  36.02430  -1.83480
C  2.33630  37.58080  -0.56070
H  1.62550  37.25480  -0.02070
C  2.91930  38.82040  -0.41230
H 2.62780 39.46230 0.22540 
S 5.12790 45.44990 -0.75450
C 3.60070 44.00680 0.62870
H 3.14150 43.25980 0.99470
C 3.37550 45.35310 1.05550
H 2.86220 45.57260 1.82360
C 3.88630 46.16740 0.37110
H 3.67100 47.09150 0.39460
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Table S104: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = 166° and τβ = −163°.
atom x y z 
N 7.95800 32.38660 -7.54430 
C 6.08780 33.58810 -6.64330 
C 5.65290 32.41980 -6.02470 
H 4.86410 32.43410 -5.49550 
C 6.36340 31.22650 -6.17330 
C 7.26620 33.51750 -7.39030 
H 7.58880 34.30810 -7.80680 
C 7.51950 31.27420 -6.95950 
H 8.01600 30.47340 -7.08110 
C 5.89860 29.98670 -5.54640 
C 5.28560 34.84880 -6.42140 
S 5.50430 36.14750 -7.47690 
C 4.22090 36.99140 -6.72240 
H 3.93540 37.85670 -6.98840 
C 3.66030 36.30020 -5.71440 
H 2.94950 36.62620 -5.17440 
C 4.24330 35.06060 -5.56590 
H 3.95180 34.41870 -4.92820 
S 6.45190 28.43110 -5.90810
C 4.92470 29.87420 -4.52490
H 4.46550 30.62120 -4.15890
C 4.69950 28.52790 -4.09820
H 4.18620 28.30840 -3.33010
C 5.21030 27.71360 -4.78260
H  4.99500  26.78950  -4.75900
N  6.63400  25.07640  -2.39070
C  4.76380  23.87490  -1.48960
C  4.32890  25.04320  -0.87110
H  3.54010  25.02890  -0.34180
C  5.03940  26.23650  -1.01970
C  5.94220  23.94550  -2.23670
H  6.26480  23.15490  -2.65310
C  6.19550  26.18880  -1.80580
H  6.69200  26.98960  -1.92750
C  4.57460  27.47630  -0.39270
C  3.96160  22.61420  -1.26780
S  4.18030  21.31550  -2.32330
C  2.89690  20.47160  -1.56880
H  2.61140  19.60630  -1.83480
C  2.33630  21.16280  -0.56070
H  1.62550  20.83680  -0.02070
C  2.91930  22.40240  -0.41230
H 2.62780 23.04430 0.22540 
S 5.12790 29.03190 -0.75450
C 3.60070 27.58880 0.62870
H 3.14150 26.84180 0.99470
C 3.37550 28.93510 1.05550
H 2.86220 29.15460 1.82360
C 3.88630 29.74940 0.37110
H 3.67100 30.67350 0.39460
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Table S105: Cartesian coordinates (Å) for the XB contact in the F5BAI-PyrThio2 co crystal with 
a torsional angles τα = −166° and τβ = 163°.
atom x y z 
I 20.78620 25.17440 -3.90490
F 27.71100 25.12000 -9.30070
F 26.22520 22.89410 -8.90260
F 25.16490 27.42840 -6.10750
F 24.14190 22.94830 -7.18630
F 27.19480 27.38130 -7.88820
C 22.46050 25.22870 -5.05780
C 25.92870 24.01990 -8.23860
C 26.43390 26.30100 -7.71090
C 26.69090 25.15010 -8.42110
C 24.55740 25.20850 -6.63170
C 23.42730 25.23680 -5.75250
C 25.37800 26.31050 -6.81720
C 24.87340 24.05800 -7.35630
N 18.55500 25.07640 -2.39070
C 16.68480 23.87490 -1.48960
C 16.24990 25.04320 -0.87110
H 15.46110 25.02890 -0.34180
C 16.96040 26.23650 -1.01970
C  17.86320  23.94550  -2.23670
H 18.18580 23.15490 -2.65310
C 18.11650 26.18880 -1.80580
H 18.61300 26.98960 -1.92750
C 16.49560 27.47630 -0.39270
C 15.88260 22.61420 -1.26780
S 16.10130 21.31550 -2.32330
C 14.81790 20.47160 -1.56880
H 14.53240 19.60630 -1.83480
C 14.25730 21.16280 -0.56070
H 13.54650 20.83680 -0.02070
C 14.84030 22.40240 -0.41230
H 14.54880 23.04430 0.22540
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
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Table S106: Cartesian coordinates (Å) for the Donor-Acceptor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 20.78620 25.17440 -3.90490
F 27.71100 25.12000 -9.30070
F 26.22520 22.89410 -8.90260
F 25.16490 27.42840 -6.10750
F 24.14190 22.94830 -7.18630
F 27.19480 27.38130 -7.88820
C 22.46050 25.22870 -5.05780
C 25.92870 24.01990 -8.23860
C 26.43390 26.30100 -7.71090
C 26.69090 25.15010 -8.42110
C 24.55740 25.20850 -6.63170
C 23.42730 25.23680 -5.75250
C 25.37800 26.31050 -6.81720
C 24.87340 24.05800 -7.35630
N 19.85600 24.17760 -7.91660
C 21.72620 25.37910 -8.81770
C 22.16110 24.21080 -9.43620
H 22.94990 24.22510 -9.96550
C 21.45060 23.01750 -9.28760
C  20.54780  25.30850  -8.07060
H 20.22520 26.09910 -7.65420
C 20.29450 23.06520 -8.50150
H 19.79800 22.26440 -8.37980
C 21.91540 21.77770 -9.91460
C 22.52840 26.63980 -9.03950
S 22.30970 27.93850 -7.98400
C 23.59310 28.78240 -8.73850
H 23.87860 29.64770 -8.47250
C 24.15370 28.09120 -9.74660
H 24.86450 28.41720 -10.28660
C 23.57070 26.85160 -9.89500
H 23.86220 26.20970 -10.53270
S 21.36210 20.22210 -9.55280
C 22.88930 21.66520 -10.93600
H 23.34850 22.41220 -11.30200
C 23.11450 20.31890 -11.36280
H 23.62780 20.09940 -12.13090
C 22.60370 19.50460 -10.67840
H 22.81900 18.58050 -10.70190
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Table S107: Cartesian coordinates (Å) for the Donor-Donor π-Stacking contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
I 14.97680 7.66160 3.90490 
F 8.05200 7.71600 9.30070 
F 9.53780 9.94190 8.90260 
F 10.59810 5.40760 6.10750 
F 11.62110 9.88770 7.18630 
F 8.56820 5.45470 7.88820 
C 13.30250 7.60730 5.05780 
C 9.83430 8.81610 8.23860 
C 9.32910 6.53500 7.71090 
C 9.07210 7.68590 8.42110 
C 11.20560 7.62750 6.63170 
C 12.33570 7.59920 5.75250 
C 10.38500 6.52550 6.81720 
C 10.88960 8.77800 7.35630 
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Table S108: Cartesian coordinates (Å) for the Acceptor-Acceptor π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
C 15.88260 22.61420 -1.26780 
S 16.10130 21.31550 -2.32330 
C 14.81790 20.47160 -1.56880 
H 14.53240 19.60630 -1.83480 
C 14.25730 21.16280 -0.56070 
H 13.54650 20.83680 -0.02070 
C 14.84030 22.40240 -0.41230 
H 14.54880 23.04430 0.22540 
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
N 17.20800 24.17760 2.39070 
C 19.07820 25.37910 1.48960 
C 19.51310 24.21080 0.87110 
H 20.30190 24.22510 0.34180 
C 18.80260 23.01750 1.01970 
C 17.89980 25.30850 2.23670 
H 17.57720 26.09910 2.65310 
C 17.64650 23.06520 1.80580 
H 17.15000 22.26440 1.92750 
C 19.26740 21.77770 0.39270 
C 19.88040 26.63980 1.26780 
S 19.66170 27.93850 2.32330 
C 20.94510 28.78240 1.56880 
H 21.23060 29.64770 1.83480 
C 21.50570 28.09120 0.56070 
H 22.21650 28.41720 0.02070 
C 20.92270 26.85160 0.41230 
H  21.21420  26.20970  -0.22540
S 18.71410 20.22210 0.75450 
C 20.24130 21.66520 -0.62870
H 20.70050 22.41220 -0.99470
C 20.46650 20.31890 -1.05550
H 20.97980 20.09940 -1.82360
C 19.95570 19.50460 -0.37110
H 20.17100 18.58050 -0.39460
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Table S109: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 20.78620 25.17440 -3.90490 
F 27.71100 25.12000 -9.30070 
F 26.22520 22.89410 -8.90260 
F 25.16490 27.42840 -6.10750 
F 24.14190 22.94830 -7.18630 
F 27.19480 27.38130 -7.88820 
C 22.46050 25.22870 -5.05780 
C 25.92870 24.01990 -8.23860 
C 26.43390 26.30100 -7.71090 
C 26.69090 25.15010 -8.42110 
C 24.55740 25.20850 -6.63170 
C 23.42730 25.23680 -5.75250 
C 25.37800 26.31050 -6.81720 
C 24.87340 24.05800 -7.35630
N 17.20800 24.17760 2.39070
C 19.07820 25.37910 1.48960
C 19.51310 24.21080 0.87110
H 20.30190 24.22510 0.34180
C 18.80260 23.01750 1.01970
C 17.89980 25.30850 2.23670 
H 17.57720 26.09910 2.65310 
C 17.64650 23.06520 1.80580 
H 17.15000 22.26440 1.92750 
C 19.26740 21.77770 0.39270 
C 19.88040 26.63980 1.26780 
S 19.66170 27.93850 2.32330 
C 20.94510 28.78240 1.56880 
H 21.23060 29.64770 1.83480 
C 21.50570 28.09120 0.56070 
H 22.21650 28.41720 0.02070 
C 20.92270 26.85160 0.41230 
H  21.21420  26.20970  -0.22540
S 18.71410 20.22210 0.75450 
C 20.24130 21.66520 -0.62870
H 20.70050 22.41220 -0.99470
C 20.46650 20.31890 -1.05550
H 20.97980 20.09940 -1.82360
C 19.95570 19.50460 -0.37110
H 20.17100 18.58050 -0.39460
231
Table S110: Cartesian coordinates (Å) for the Donor-Acceptor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
N 17.20800 7.75960 2.39070 
C 19.07820 8.96110 1.48960 
C 19.51310 7.79280 0.87110 
H 20.30190 7.80710 0.34180 
C 18.80260 6.59950 1.01970 
C 17.89980 8.89050 2.23670 
H 17.57720 9.68110 2.65310 
C 17.64650 6.64720 1.80580 
H 17.15000 5.84640 1.92750 
C 19.26740 5.35970 0.39270 
C 19.88040 10.22180 1.26780 
S 19.66170 11.52050 2.32330 
C 20.94510 12.36440 1.56880 
H 21.23060 13.22970 1.83480 
C 21.50570 11.67320 0.56070 
H 22.21650 11.99920 0.02070 
C 20.92270 10.43360 0.41230 
H  21.21420  9.79170  -0.22540
S 18.71410 3.80410 0.75450 
C 20.24130 5.24720 -0.62870
H 20.70050 5.99420 -0.99470
C 20.46650 3.90090 -1.05550
H 20.97980 3.68140 -1.82360
C 19.95570 3.08660 -0.37110
H 20.17100 2.16250 -0.39460
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Table S111: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 20.78620 25.17440 -3.90490
F 27.71100 25.12000 -9.30070
F 26.22520 22.89410 -8.90260
F 25.16490 27.42840 -6.10750
F 24.14190 22.94830 -7.18630
F 27.19480 27.38130 -7.88820
C 22.46050 25.22870 -5.05780
C 25.92870 24.01990 -8.23860
C 26.43390 26.30100 -7.71090
C 26.69090 25.15010 -8.42110
C 24.55740 25.20850 -6.63170
C 23.42730 25.23680 -5.75250
C 25.37800 26.31050 -6.81720
C 24.87340 24.05800 -7.35630
N 18.53200 16.86740 -2.76300
C 20.40220 15.66590 -3.66400
C 20.83710 16.83420 -4.28260
H 21.62590 16.81990 -4.81180
C 20.12660 18.02750 -4.13390
C  19.22380  15.73650  -2.91700
H 18.90120 14.94590 -2.50050
C 18.97050 17.97980 -3.34780
H 18.47400 18.78060 -3.22620
C 20.59140 19.26730 -4.76090
C 21.20440 14.40520 -3.88580
S 20.98570 13.10650 -2.83040
C 22.26910 12.26260 -3.58490
H 22.55460 11.39730 -3.31890
C 22.82970 12.95380 -4.59290
H 23.54050 12.62780 -5.13290
C 22.24670 14.19340 -4.74140
H 22.53820 14.83530 -5.37910
S 20.03810 20.82290 -4.39920
C 21.56530 19.37980 -5.78240
H 22.02450 18.63280 -6.14840
C 21.79050 20.72610 -6.20910
H 22.30380 20.94560 -6.97720
C 21.27970 21.54040 -5.52470
H 21.49500 22.46450 -5.54830
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Table S112: Cartesian coordinates (Å) for the Donor-Acceptor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
C 15.88260 22.61420 -1.26780 
S 16.10130 21.31550 -2.32330 
C 14.81790 20.47160 -1.56880 
H 14.53240 19.60630 -1.83480 
C 14.25730 21.16280 -0.56070 
H 13.54650 20.83680 -0.02070 
C 14.84030 22.40240 -0.41230 
H 14.54880 23.04430 0.22540 
S 17.04890 29.03190 -0.75450 
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
I 6.21720 25.17440 6.40240 
F 13.14200 25.12000 1.00660 
F 11.65620 22.89410 1.40470 
F 10.59590 27.42840 4.19980 
F 9.57290 22.94830 3.12090 
F 12.62580 27.38130 2.41910 
C 7.89150 25.22870 5.24950 
C 11.35970 24.01990 2.06870 
C 11.86490 26.30100 2.59640 
C 12.12190 25.15010 1.88620 
C 9.98840 25.20850 3.67560 
C 8.85830 25.23680 4.55480 
C 10.80900 26.31050 3.49000 
C 10.30440 24.05800 2.95100 
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Table S113: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°.
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
C 15.88260 22.61420 -1.26780 
S 16.10130 21.31550 -2.32330
C 14.81790 20.47160 -1.56880
H 14.53240 19.60630 -1.83480
C 14.25730 21.16280 -0.56070
H 13.54650 20.83680 -0.02070
C 14.84030 22.40240 -0.41230
H 14.54880 23.04430 0.22540
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
I  16.30080  16.96540  -1.24870
F 9.37600 16.91100 4.14700 
F 10.86180 14.68510 3.74900 
F 11.92210 19.21940 0.95380 
F 12.94510 14.73930 2.03270 
F 9.89220 19.17230 2.73450 
C 14.62650 17.01970 -0.09590
C 11.15830 15.81090 3.08500
C 10.65310 18.09200 2.55720
C 10.39610 16.94110 3.26740
C 12.52960 16.99950 1.47810
C 13.65970 17.02780 0.59890
C 11.70900 18.10150 1.66360
C 12.21360 15.84900 2.20270
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Table S114: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
N 17.23100 15.96860 2.76300 
C 15.36080 17.17010 3.66400 
C 14.92590 16.00180 4.28260 
H 14.13710 16.01610 4.81180 
C 15.63640 14.80850 4.13390 
C 16.53920 17.09950 2.91700 
H 16.86180 17.89010 2.50050 
C 16.79250 14.85620 3.34780 
H 17.28900 14.05540 3.22620 
C 15.17160 13.56870 4.76090 
C 14.55860 18.43080 3.88580 
S 14.77730 19.72950 2.83040 
C 13.49390 20.57340 3.58490 
H 13.20840 21.43870 3.31890 
C 12.93330 19.88220 4.59290 
H 12.22250 20.20820 5.13290 
C 13.51630 18.64260 4.74140 
H 13.22480 18.00070 5.37910 
S 15.72490 12.01310 4.39920 
C 14.19770 13.45620 5.78240 
H 13.73850 14.20320 6.14840 
C 13.97250 12.10990 6.20910 
H 13.45920 11.89040 6.97720 
C 14.48330 11.29560 5.52470 
H 14.26800 10.37150 5.54830 
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Table S115: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°.
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
N 17.23100 -0.44940 2.76300 
C 15.36080 0.75210 3.66400 
C 14.92590 -0.41620 4.28260 
H 14.13710 -0.40190 4.81180 
C 15.63640 -1.60950 4.13390 
C 16.53920 0.68150 2.91700 
H 16.86180 1.47210 2.50050 
C  16.79250  -1.56180 3.34780 
H  17.28900  -2.36260 3.22620 
C  15.17160  -2.84930 4.76090 
C 14.55860 2.01280 3.88580 
S 14.77730 3.31150 2.83040 
C 13.49390 4.15540 3.58490 
H 13.20840 5.02070 3.31890 
C 12.93330 3.46420 4.59290 
H 12.22250 3.79020 5.13290 
C 13.51630 2.22460 4.74140 
H 13.22480 1.58270 5.37910 
S  15.72490  -4.40490 4.39920 
C  14.19770  -2.96180 5.78240 
H  13.73850  -2.21480 6.14840 
C  13.97250  -4.30810 6.20910 
H  13.45920  -4.52760 6.97720 
C  14.48330  -5.12240 5.52470 
H  14.26800  -6.04650 5.54830 
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Table S116: Cartesian coordinates (Å) for the Donor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
N 5.31000 15.96860 2.76300 
C 3.43980 17.17010 3.66400 
C 3.00490 16.00180 4.28260 
H 2.21610 16.01610 4.81180 
C 3.71540 14.80850 4.13390 
C 4.61820 17.09950 2.91700 
H 4.94080 17.89010 2.50050 
C 4.87150 14.85620 3.34780 
H 5.36800 14.05540 3.22620 
C 3.25060 13.56870 4.76090 
C 2.63760 18.43080 3.88580 
S 2.85630 19.72950 2.83040 
C 1.57290 20.57340 3.58490 
H 1.28740 21.43870 3.31890 
C 1.01230 19.88220 4.59290 
H 0.30150 20.20820 5.13290 
C 1.59530 18.64260 4.74140 
H 1.30380 18.00070 5.37910 
S 3.80390 12.01310 4.39920 
C 2.27670 13.45620 5.78240 
H 1.81750 14.20320 6.14840 
C 2.05150 12.10990 6.20910 
H 1.53820 11.89040 6.97720 
C 2.56230 11.29560 5.52470 
H 2.34700 10.37150 5.54830 
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Table S117: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 20.78620 25.17440 -3.90490 
F 27.71100 25.12000 -9.30070 
F 26.22520 22.89410 -8.90260 
F 25.16490 27.42840 -6.10750 
F 24.14190 22.94830 -7.18630 
F 27.19480 27.38130 -7.88820 
C 22.46050 25.22870 -5.05780 
C 25.92870 24.01990 -8.23860 
C 26.43390 26.30100 -7.71090 
C 26.69090 25.15010 -8.42110 
C 24.55740 25.20850 -6.63170 
C 23.42730 25.23680 -5.75250 
C 25.37800 26.31050 -6.81720 
C 24.87340 24.05800 -7.35630 
I  17.62480  24.07960  -6.40240
F  10.70000  24.13400  -1.00660
F  12.18580  26.35990  -1.40470
F  13.24610  21.82560  -4.19980
F  14.26910  26.30570  -3.12090
F  11.21620  21.87270  -2.41910
C  15.95050  24.02530  -5.24950
C  12.48230  25.23410  -2.06870
C  11.97710  22.95300  -2.59640
C  11.72010  24.10390  -1.88620
C  13.85360  24.04550  -3.67560
C  14.98370  24.01720  -4.55480
C  13.03300  22.94350  -3.49000
C  13.53760  25.19600  -2.95100
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Table S118: Cartesian coordinates (Å) for the Donor-Donor Slipped π-Stacking contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
I  17.62480  7.66160  -6.40240
F  10.70000  7.71600  -1.00660
F  12.18580  9.94190  -1.40470
F  13.24610  5.40760  -4.19980
F  14.26910  9.88770  -3.12090
F  11.21620  5.45470  -2.41910
C  15.95050  7.60730  -5.24950
C  12.48230  8.81610  -2.06870
C  11.97710  6.53500  -2.59640
C  11.72010  7.68590  -1.88620
C  13.85360  7.62750  -3.67560
C  14.98370  7.59920  -4.55480
C  13.03300  6.52550  -3.49000
C  13.53760  8.77800  -2.95100
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Table S119: Cartesian coordinates (Å) for the Donor-Donor Edge-Edge contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
I  16.30080  0.54740  -1.24870
F 9.37600 0.49300 4.14700 
F  10.86180  -1.73290 3.74900 
F  11.92210  2.80140 0.95380 
F  12.94510  -1.67870 2.03270 
F 9.89220 2.75430 2.73450 
C 14.62650 0.60170 -0.09590
C 11.15830 -0.60710 3.08500
C 10.65310 1.67400 2.55720
C 10.39610 0.52310 3.26740
C 12.52960 0.58150 1.47810
C 13.65970 0.60980 0.59890
C 11.70900 1.68350 1.66360
C 12.21360 -0.56900 2.20270
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Table S120: Cartesian coordinates (Å) for the Donor-Donor Herringbone contact in the F5BAI-
PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°.
atom x y z 
I 6.21720 8.75640 6.40240 
F 13.14200 8.70200 1.00660 
F 11.65620 6.47610 1.40470 
F 10.59590 11.01040 4.19980 
F 9.57290 6.53030 3.12090 
F 12.62580 10.96330 2.41910 
C 7.89150 8.81070 5.24950 
C 11.35970 7.60190 2.06870 
C 11.86490 9.88300 2.59640 
C 12.12190 8.73210 1.88620 
C 9.98840 8.79050 3.67560 
C 8.85830 8.81880 4.55480 
C 10.80900 9.89250 3.49000 
C 10.30440 7.64000 2.95100 
I 7.54120 15.87060 1.24870 
F 14.46600 15.92500 -4.14700
F 12.98020 18.15090 -3.74900
F 11.91990 13.61660 -0.95380
F 10.89690 18.09670 -2.03270
F 13.94980 13.66370 -2.73450
C 9.21550 15.81630 0.09590
C 12.68370 17.02510 -3.08500
C 13.18890 14.74400 -2.55720
C 13.44590 15.89490 -3.26740
C 11.31240 15.83650 -1.47810
C 10.18230 15.80820 -0.59890
C 12.13300 14.73450 -1.66360
C 11.62840 16.98700 -2.20270
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Table S121: Cartesian coordinates (Å) for the Acceptor-Acceptor Slipped π-Stacking contact in 
the F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
C 15.88260 22.61420 -1.26780 
S 16.10130 21.31550 -2.32330 
C 14.81790 20.47160 -1.56880 
H 14.53240 19.60630 -1.83480 
C 14.25730 21.16280 -0.56070 
H 13.54650 20.83680 -0.02070 
C 14.84030 22.40240 -0.41230 
H 14.54880 23.04430 0.22540 
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
N 5.28700 24.17760 2.39070 
C 7.15720 25.37910 1.48960 
C 7.59210 24.21080 0.87110 
H 8.38090 24.22510 0.34180 
C 6.88160 23.01750 1.01970 
C 5.97880 25.30850 2.23670 
H 5.65620 26.09910 2.65310 
C 5.72550 23.06520 1.80580 
H 5.22900 22.26440 1.92750 
C 7.34640 21.77770 0.39270 
C 7.95940 26.63980 1.26780 
S 7.74070 27.93850 2.32330 
C 9.02410 28.78240 1.56880 
H 9.30960 29.64770 1.83480 
C 9.58470 28.09120 0.56070 
H 10.29550 28.41720 0.02070 
C 9.00170 26.85160 0.41230 
H  9.29320  26.20970  -0.22540
S 6.79310 20.22210 0.75450 
C 8.32030 21.66520 -0.62870
H 8.77950 22.41220 -0.99470
C 8.54550 20.31890 -1.05550
H 9.05880 20.09940 -1.82360
C 8.03470 19.50460 -0.37110
H 8.25000 18.58050 -0.39460
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Table S122: Cartesian coordinates (Å) for the Acceptor-Acceptor Edge-Edge contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
C 15.88260 22.61420 -1.26780 
S 16.10130 21.31550 -2.32330 
C 14.81790 20.47160 -1.56880 
H 14.53240 19.60630 -1.83480 
C 14.25730 21.16280 -0.56070 
H 13.54650 20.83680 -0.02070 
C 14.84030 22.40240 -0.41230 
H 14.54880 23.04430 0.22540 
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
N  18.53200  16.86740  -2.76300
C  20.40220  15.66590  -3.66400
C  20.83710  16.83420  -4.28260
H  21.62590  16.81990  -4.81180
C  20.12660  18.02750  -4.13390
C  19.22380  15.73650  -2.91700
H  18.90120  14.94590  -2.50050
C  18.97050  17.97980  -3.34780
H  18.47400  18.78060  -3.22620
C  20.59140  19.26730  -4.76090
C  21.20440  14.40520  -3.88580
S  20.98570  13.10650  -2.83040
C  22.26910  12.26260  -3.58490
H  22.55460  11.39730  -3.31890
C  22.82970  12.95380  -4.59290
H  23.54050  12.62780  -5.13290
C  22.24670  14.19340  -4.74140
H  22.53820  14.83530  -5.37910
S 20.03810 20.82290 -4.39920
C 21.56530 19.37980 -5.78240
H 22.02450 18.63280 -6.14840
C 21.79050 20.72610 -6.20910
H 22.30380 20.94560 -6.97720
C 21.27970 21.54040 -5.52470
H 21.49500 22.46450 -5.54830
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Table S123: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°. 
atom x y z 
N 18.55500 25.07640 -2.39070 
C 16.68480 23.87490 -1.48960 
C 16.24990 25.04320 -0.87110 
H 15.46110 25.02890 -0.34180 
C 16.96040 26.23650 -1.01970 
C 17.86320 23.94550 -2.23670 
H 18.18580 23.15490 -2.65310 
C 18.11650 26.18880 -1.80580 
H 18.61300 26.98960 -1.92750 
C 16.49560 27.47630 -0.39270 
C 15.88260 22.61420 -1.26780 
S 16.10130 21.31550 -2.32330 
C 14.81790 20.47160 -1.56880 
H 14.53240 19.60630 -1.83480 
C 14.25730 21.16280 -0.56070 
H 13.54650 20.83680 -0.02070 
C 14.84030 22.40240 -0.41230 
H 14.54880 23.04430 0.22540 
S 17.04890 29.03190 -0.75450
C 15.52170 27.58880 0.62870 
H 15.06250 26.84180 0.99470 
C 15.29650 28.93510 1.05550 
H 14.78320 29.15460 1.82360 
C 15.80730 29.74940 0.37110 
H 15.59200 30.67350 0.39460 
N 17.23100 15.96860 2.76300 
C 15.36080 17.17010 3.66400 
C 14.92590 16.00180 4.28260 
H 14.13710 16.01610 4.81180 
C 15.63640 14.80850 4.13390 
C 16.53920 17.09950 2.91700 
H 16.86180 17.89010 2.50050 
C 16.79250 14.85620 3.34780 
H 17.28900 14.05540 3.22620 
C 15.17160 13.56870 4.76090 
C 14.55860 18.43080 3.88580 
S 14.77730 19.72950 2.83040 
C 13.49390 20.57340 3.58490 
H 13.20840 21.43870 3.31890 
C 12.93330 19.88220 4.59290 
H 12.22250 20.20820 5.13290 
C 13.51630 18.64260 4.74140 
H 13.22480 18.00070 5.37910 
S 15.72490 12.01310 4.39920 
C 14.19770 13.45620 5.78240 
H 13.73850 14.20320 6.14840 
C 13.97250 12.10990 6.20910 
H 13.45920 11.89040 6.97720 
C 14.48330 11.29560 5.52470 
H 14.26800 10.37150 5.54830 
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Table S124: Cartesian coordinates (Å) for the Acceptor-Acceptor Herringbone contact in the 
F5BAI-PyrThio2 co crystal with a torsional angles τα = −166° and τβ = 163°.
atom x y z 
N 3.98600 25.07640 7.91660 
C 2.11580 23.87490 8.81770 
C 1.68090 25.04320 9.43620 
H 0.89210 25.02890 9.96550 
C 2.39140 26.23650 9.28760 
C 3.29420 23.94550 8.07060 
H 3.61680 23.15490 7.65420 
C 3.54750 26.18880 8.50150 
H 4.04400 26.98960 8.37980 
C 1.92660 27.47630 9.91460 
C 1.31360 22.61420 9.03950 
S 1.53230 21.31550 7.98400 
C 0.24890 20.47160 8.73850 
H -0.03660 19.60630 8.47250 
C -0.31170 21.16280 9.74660 
H -1.02250 20.83680 10.28660 
C 0.27130 22.40240 9.89500 
H -0.02020 23.04430 10.53270 
S 2.47990 29.03190 9.55280 
C 0.95270 27.58880 10.93600 
H 0.49350 26.84180 11.30200 
C 0.72750 28.93510 11.36280 
H 0.21420 29.15460 12.13090 
C 1.23830 29.74940 10.67840 
H 1.02300 30.67350 10.70190 
N 5.31000 32.38660 2.76300 
C 3.43980 33.58810 3.66400 
C 3.00490 32.41980 4.28260 
H 2.21610 32.43410 4.81180 
C 3.71540 31.22650 4.13390 
C 4.61820 33.51750 2.91700 
H 4.94080 34.30810 2.50050 
C 4.87150 31.27420 3.34780 
H 5.36800 30.47340 3.22620 
C 3.25060 29.98670 4.76090 
C 2.63760 34.84880 3.88580 
S 2.85630 36.14750 2.83040 
C 1.57290 36.99140 3.58490 
H 1.28740 37.85670 3.31890 
C 1.01230 36.30020 4.59290 
H 0.30150 36.62620 5.13290 
C 1.59530 35.06060 4.74140 
H 1.30380 34.41870 5.37910 
S 3.80390 28.43110 4.39920 
C 2.27670 29.87420 5.78240 
H 1.81750 30.62120 6.14840 
C 2.05150 28.52790 6.20910 
H 1.53820 28.30840 6.97720 
C 2.56230 27.71360 5.52470 
H 2.34700 26.78950 5.54830 
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Table S1. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities (RA 
in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated FOX-7 as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro edge (NE) 
conformation calculated at the M06-2X/aVTZ level of theory. 
FOX-7 (Isolated) FOX-7/Ag2 (Nitro Edge) Difference 
ω RA IR ω RA IR Δω ΔRA ΔIR 
8 2 3 
18 9 1 
27 0 3 
45 20 3 
75 1 8 
161 108 12 
56 0 3 61 0 5 +5 0 +2
93 2 1 95 11 1 +2 +9 0
116 1 0 113 1 1 -3 0 0
208 1 4 216 97 4 +8 +97 0
271 3 27 303 3 11 +33 0 -15
295 1 8 308 6 7 +13 +5 -1
331 0 3 336 5 1 +6 +5 -3
378 0 229 416 9 293 +39 +9 +63
389 2 82 387 14 7 -2 +12 -75
454 6 20 455 8 16 +2 +2 -3
478 4 4 494 22 17 +16 +18 +13
480 1 4 475 14 7 -4 +13 +3
591 0 0 582 7 1 -9 +6 +1
625 7 8 629 31 15 +4 +24 +7
710 1 25 706 2 34 -4 0 +9
717 0 16 723 2 8 +6 +2 -8
790 1 1 788 16 2 -2 +15 +1
809 1 27 809 21 26 0 +19 -1
839 1 38 840 14 72 +1 +13 +34
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906 27 37 910 49 32 +4 +21 -4
1070 3 24 1067 17 35 -3 +14 +10
1087 7 12 1092 34 19 +6 +27 +7
1185 21 11 1193 20 21 +7 0 +10
1240 8 1 1240 27 1 -1 +19 0
1336 77 539 1333 823 963 -3 +746 +424
1400 93 130 1405 770 163 +5 +677 +33
1487 13 94 1483 180 220 -4 +167 +126
1560 16 23 1556 345 29 -4 +330 +6
1620 20 68 1594 35 169 -26 +14 +101
1641 17 941 1639 81 988 -2 +64 +47
1642 1 468 1650 7 364 +8 +6 -104
1683 17 346 1681 69 261 -2 +53 -85
3525 2 273 3530 7 328 +5 +5 +55
3538 156 21 3545 173 18 +6 +18 -3
3719 23 9 3714 41 67 -5 +18 +58
3721 112 255 3718 126 256 -4 +14 +1
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 Table S2. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities (RA 
in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated FOX-7 as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro face (NF) 
conformation calculated at the M06-2X/aVTZ level of theory. 
 
FOX-7 (Isolated) FOX-7/Ag2 (Nitro Face) Difference 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   -3 9 5    
   19 7 0    
   27 3 7    
   48 1 0    
   132 4 9    
   164 74 16    
56 0 3 59 2 1 +3 +2 -2 
93 2 1 77 6 7 -17 +4 +7 
116 1 0 106 1 1 -10 0 0 
208 1 4 223 2 2 +15 +1 -2 
271 3 27 284 1 12 +14 -2 -15 
295 1 8 313 2 7 +17 +1 -1 
331 0 3 341 1 1 +10 +1 -3 
378 0 229 404 3 295 +26 +2 +65 
389 2 82 384 3 2 -5 +1 -80 
454 6 20 455 3 18 +2 -2 -1 
478 4 4 485 8 5 +7 +3 +1 
480 1 4 471 5 21 -8 +4 +17 
591 0 0 575 4 0 -16 +4 0 
625 7 8 630 9 13 +5 +2 +5 
710 1 25 706 11 31 -3 +9 +6 
717 0 16 723 8 10 +6 +8 -6 
790 1 1 783 69 4 -7 +67 +3 
809 1 27 805 30 23 -4 +29 -3 
839 1 38 836 78 21 -3 +77 -17 
906 27 37 907 57 22 +1 +30 -15 
1070 3 24 1066 2 25 -4 -2 +1 
1087 7 12 1094 9 8 +7 +2 -3 
1185 21 11 1189 22 19 +4 +1 +8 
1240 8 1 1232 8 5 -9 0 +4 
1336 77 539 1331 107 449 -6 +30 -90 
1400 93 130 1406 281 141 +7 +189 +12 
1487 13 94 1473 9 69 -14 -4 -25 
1560 16 23 1550 117 50 -10 +101 +27 
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 1620 20 68 1607 9 240 -14 -12 +171 
1641 17 941 1632 16 1092 -9 -1 +151 
1642 1 468 1651 14 433 +9 +13 -35 
1683 17 346 1665 60 97 -18 +43 -249 
3525 2 273 3516 34 168 -10 +33 -105 
3538 156 21 3559 130 73 +21 -26 +52 
3719 23 9 3713 61 105 -7 +39 +95 






























Table S3. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities (RA 
in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated FOX-7 as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in amine (A) 
conformation calculated at the M06-2X/aVTZ level of theory. 
FOX-7 (Isolated) FOX-7/Ag2 (Amine) Difference 
ω RA IR ω RA IR Δω ΔRA ΔIR 
10 6 3 
13 8 0 
30 3 1 
44 1 2 
87 3 5 
167 59 20 
56 0 3 53 1 2 -4 +1 -1
93 2 1 105 2 2 +11 0 +2
116 1 0 150 13 5 +34 +13 +4
208 1 4 217 4 4 +9 +4 0
271 3 27 418 22 110 +148 +19 +83
295 1 8 290 1 2 -5 +1 -6
331 0 3 328 1 7 -2 +1 +3
378 0 229 543 18 320 +165 +18 +91
389 2 82 389 1 3 0 -1 -79
454 6 20 461 6 37 +7 0 +17
478 4 4 476 14 114 -2 +9 +110
480 1 4 483 1 4 +3 0 -1
591 0 0 660 7 35 +69 +6 +35
625 7 8 621 5 42 -4 -2 +34
710 1 25 770 11 229 +61 +10 +204
717 0 16 693 67 27 -25 +67 +10
790 1 1 787 4 9 -3 +2 +8
809 1 27 814 7 84 +5 +5 +57
839 1 38 839 2 33 0 +1 -5
906 27 37 904 32 63 -2 +5 +27
1070 3 24 1119 6 33 +49 +3 +8
1087 7 12 1076 6 14 -10 -1 +2
1185 21 11 1182 26 5 -3 +6 -6
1240 8 1 1244 10 1 +4 +2 0
1336 77 539 1351 105 406 +15 +28 -133
1400 93 130 1405 90 246 +6 -2 +116
1487 13 94 1480 33 100 -7 +20 +5
252
 1560 16 23 1568 29 24 +8 +14 +1 
1620 20 68 1636 15 233 +16 -6 +165 
1641 17 941 1664 33 767 +23 +16 -174 
1642 1 468 1611 6 333 -32 +5 -135 
1683 17 346 1692 29 486 +9 +12 +139 
3525 2 273 3469 128 198 -56 +126 -75 
3538 156 21 3531 141 89 -7 -15 +68 
3719 23 9 3641 63 89 -79 +41 +80 

































NB (Isolated) NB/Ag2 Nitro Edge Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   5 2 0    
   19 4 0    
   25 3 0    
   44 20 0    
   73 1 5    
   161 88 10    
56 0 0 63 8 0 +7 +8 0 
173 2 1 175 19 1 +2 +17 0 
265 0 1 272 1 3 +7 +1 +2 
405 4 2 414 10 17 +10 +7 +15 
412 0 0 411 0 0 −1 0 0 
444 0 1 445 20 2 +1 +20 +1 
533 2 2 536 4 4 +3 +2 +2 
624 5 0 623 6 0 −1 +1 0 
662 0 3 665 5 6 +2 +5 +3 
703 2 11 705 4 36 +2 +2 +25 
736 0 91 740 4 75 +4 +3 −16 
837 1 4 837 5 7 0 +4 +3 
871 0 0 873 0 0 +2 0 0 
892 13 37 900 11 76 +9 −2 +39 
977 0 3 979 4 2 +2 +4 −1 
1010 0 0 1013 0 0 +3 0 0 
1021 0 0 1038 0 0 +17 0 0 
1024 23 0 1024 29 0 0 +6 0 
1056 21 6 1056 32 7 +1 +11 +1 
1106 0 7 1112 0 7 +5 0 0 
1143 34 25 1144 101 55 +1 +67 +29 
1179 5 1 1180 8 2 +1 +2 0 
1199 8 1 1203 8 6 +4 0 +5 
1337 0 1 1342 2 5 +5 +2 +4 
1342 1 13 1344 3 12 +2 +2 −1 
1460 111 255 1452 835 541 −9 +724 +285 
1503 0 0 1504 6 3 0 +6 +2 
1525 1 8 1524 9 10 −1 +8 +2 
 
Table S4. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated NB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro edge (NE) 























1654 15 191 1636 34 166 −18 +19 −25 
1662 51 1 1660 156 3 −2 +105 +2 
1706 1 156 1695 3 51 −11 +2 −104 
3209 50 1 3212 52 0 +3 +2 0 
3223 79 5 3225 103 3 +3 +23 −2 
3230 151 3 3232 208 2 +2 +56 −1 
3252 8 2 3252 12 4 0 +3 +1 





NB (Isolated) NB/Ag2 Nitro Face Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   13 10 1    
   20 8 0    
   24 2 0    
   53 2 0    
   118 5 13    
   164 90 7    
56 0 0 72 14 0 +16 +14 0 
173 2 1 185 43 9 +12 +42 +8 
265 0 1 266 10 2 +2 +10 +1 
405 4 2 405 16 1 0 +12 −1 
412 0 0 420 1 0 +7 +1 0 
444 0 1 442 60 5 −2 +60 +5 
533 2 2 540 5 3 +8 +3 +2 
624 5 0 623 9 0 −1 +4 0 
662 0 3 689 10 11 +27 +10 +8 
703 2 11 702 31 10 0 +29 −1 
736 0 91 738 144 69 +2 +144 −22 
837 1 4 836 37 11 0 +36 +7 
871 0 0 870 58 1 −1 +58 +1 
892 13 37 889 66 24 −2 +54 −13 
977 0 3 979 39 5 +1 +39 +3 
1010 0 0 1017 33 0 +7 +33 0 
1021 0 0 1039 6 0 +18 +6 0 
1024 23 0 1023 42 0 −1 +19 0 
1056 21 6 1057 27 4 +1 +6 −2 
1106 0 7 1114 10 6 +8 +10 −1 
1143 34 25 1146 216 25 +4 +182 0 
1179 5 1 1181 12 3 +2 +6 +2 
1199 8 1 1202 18 6 +3 +11 +5 
1337 0 1 1342 28 1 +6 +28 −1 
1342 1 13 1345 35 28 +2 +34 +15 
1460 111 255 1429 2966 206 −31 +2854 −49 
1503 0 0 1504 12 5 +1 +11 +5 
1525 1 8 1524 48 12 −1 +47 +4 
Table S5. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated NB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro face (NF) 
conformation calculated at the M06-2X/aVTZ level of theory. 
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1654 15 191 1642 25 446 −12 +10 +255
1662 51 1 1660 52 4 −2 +1 +3
1706 1 156 1695 32 230 −11 +31 +74
3209 50 1 3211 53 1 +2 +3 0
3223 79 5 3224 85 3 +2 +5 −3
3230 151 3 3230 87 3 0 −64 0
3252 8 2 3239 108 1 −13 +100 −1




NB (Isolated) NB/Ag2 Nitro Double Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   13 3 0    
   23 17 1    
   31 3 0    
   37 14 0    
   55 174 3    
   144 44 0    
56 0 0 134 3 12 +78 +3 +12 
173 2 1 183 53 3 +10 +51 +2 
265 0 1 273 0 1 +8 0 0 
405 4 2 414 5 4 +9 +2 +2 
412 0 0 418 0 0 +6 0 0 
444 0 1 453 84 24 +9 +84 +23 
533 2 2 538 1 0 +5 −1 −1 
624 5 0 625 3 0 +1 −1 0 
662 0 3 690 64 49 +28 +64 +46 
703 2 11 703 53 21 0 +51 +10 
736 0 91 722 196 12 −14 +196 −79 
837 1 4 819 112 113 −17 +111 +109 
871 0 0 869 0 1 −2 0 +1 
892 13 37 883 7 12 −8 −6 −25 
977 0 3 974 11 7 −3 +11 +5 
1010 0 0 1016 0 0 +6 0 0 
1021 0 0 1035 1 0 +14 +1 0 
1024 23 0 1024 75 0 −1 +52 0 
1056 21 6 1057 25 7 +2 +4 +1 
1106 0 7 1112 0 7 +5 0 0 
1143 34 25 1153 503 9 +10 +468 −17 
1179 5 1 1179 11 1 +1 +5 −1 
1199 8 1 1204 19 7 +5 +12 +6 
1337 0 1 1341 1 1 +5 0 0 
1342 1 13 1345 18 5 +3 +17 −8 
1460 111 255 1368 6790 276 −92 +6679 +21 
1503 0 0 1500 3 3 −3 +3 +2 
1525 1 8 1525 93 25 0 +92 +17 
 
Table S6. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated NB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro double (ND) 
conformation calculated at the M06-2X/aVTZ level of theory. 
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1654 15 191 1600 1 35 −54 −13 −156
1662 51 1 1661 377 3 −1 +327 +1
1706 1 156 1682 3 0 −23 +2 −155
3209 50 1 3208 45 0 −1 −5 0
3223 79 5 3222 98 5 0 +18 0
3230 151 3 3229 214 5 −1 +63 +2
3252 8 2 3252 6 1 0 −3 −1




DNB (Isolated) DNB/Ag2 Bridge Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   14 2 0    
   21 8 0    
   31 4 2    
   41 7 1    
   54 10 3    
   181 13 4    
48 1 0 84 15 6 +36 +14 +6 
54 0 2 84 73 1 +31 +72 0 
157 1 3 147 63 0 −10 +62 −3 
166 0 4 171 5 3 +5 +5 −1 
196 2 0 199 12 0 +3 +10 0 
310 0 0 314 13 0 +4 +12 0 
360 7 1 363 8 2 +3 +1 +1 
414 1 3 416 27 0 +2 +26 −2 
428 0 0 444 11 3 +16 +11 +3 
481 0 0 482 77 1 +1 +77 +1 
523 4 5 523 57 21 0 +52 +16 
573 0 1 576 0 2 +3 0 +1 
659 0 4 675 9 11 +15 +9 +7 
668 5 3 667 7 6 −1 +2 +3 
755 0 51 750 142 11 −5 +142 −40 
757 0 72 753 165 36 −4 +165 −35 
816 1 0 811 80 2 −5 +79 +2 
853 0 7 851 86 16 −2 +85 +9 
878 14 20 873 33 12 −5 +19 −7 
945 3 28 947 0 21 +2 −2 −7 
971 0 9 946 210 6 −26 +210 −4 
987 0 0 991 2 1 +4 +2 +1 
1024 0 0 1036 1 0 +12 +1 0 
1025 29 0 1023 78 2 −1 +49 +2 
1094 0 59 1106 14 36 +12 +14 −23 
1114 2 18 1117 1 20 +3 −1 +2 
 
Table S7. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated DNB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in bridge (B) 
conformation calculated at the M06-2X/aVTZ level of theory. 
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1294 0 1 1300 7 2 +5 +7 +1
1356 1 11 1356 363 82 0 +362 +71
1458 18 377 1426 1489 324 −32 +1471 −53
1466 147 87 1430 3326 62 −36 +3179 −25
1490 9 0 1484 49 7 −7 +41 +7
1517 1 2 1515 107 5 −2 +106 +3
1659 28 220 1642 247 269 −17 +219 +49
1661 49 35 1646 5 191 −15 −44 +156
1701 1 132 1679 53 304 −22 +52 +172
1720 3 283 1706 18 277 −14 +15 −6
3230 69 1 3230 80 1 0 +12 0
3251 35 14 3250 62 10 −1 +27 −4
3254 143 1 3253 148 1 −1 +5 0




DNB (Isolated) DNB/Ag2 Nitro Edge Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   9 4 1    
   14 9 1    
   23 3 0    
   37 7 1    
   77 53 4    
   162 2 11    
48 1 0 53 41 1 +5 +40 +1 
54 0 2 59 36 2 +5 +36 0 
157 1 3 157 394 0 0 +394 −3 
166 0 4 176 188 4 +10 +188 +1 
196 2 0 199 13 4 +3 +11 +4 
310 0 0 313 24 1 +3 +24 +1 
360 7 1 364 100 2 +3 +93 +1 
414 1 3 418 90 5 +4 +89 +2 
428 0 0 428 6 1 0 +6 0 
481 0 0 482 32 3 +1 +32 +3 
523 4 5 525 84 7 +2 +80 +2 
573 0 1 573 2 0 0 +2 −1 
659 0 4 660 13 4 +1 +13 0 
668 5 3 669 6 6 0 +2 +3 
755 0 51 756 30 92 +1 +30 +41 
757 0 72 755 136 60 −2 +136 −11 
816 1 0 813 252 2 −4 +250 +2 
853 0 7 852 81 10 −1 +81 +3 
878 14 20 880 101 20 +2 +87 +1 
945 3 28 949 231 28 +4 +229 0 
971 0 9 968 52 12 −4 +52 +3 
987 0 0 989 48 1 +2 +48 +1 
1024 0 0 1028 0 0 +4 0 0 
1025 29 0 1025 93 0 0 +65 0 
1094 0 59 1098 412 64 +4 +411 +5 
1114 2 18 1117 9 20 +2 +6 +2 
1180 5 7 1182 22 13 +1 +17 +5 
1189 42 6 1188 1538 3 0 +1496 −2 
 
Table S8. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated DNB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro edge (NE) 
conformation calculated at the M06-2X/aVTZ level of theory. 
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1294 0 1 1296 4 3 +2 +4 +2
1356 1 11 1356 65 9 0 +64 −2
1458 18 377 1428 45670 54 −30 +45652 -323
1466 147 87 1463 1724 248 −3 +1577 +162
1490 9 0 1490 169 4 −1 +160 +4
1517 1 2 1515 713 12 −2 +712 +10
1659 28 220 1641 154 197 −18 +125 −23
1661 49 35 1659 1182 92 −1 +1133 +57
1701 1 132 1688 208 39 −13 +207 −94
1720 3 283 1716 232 242 −4 +229 −41
3230 69 1 3231 164 2 +1 +95 0
3251 35 14 3250 38 16 −1 +4 +1
3254 143 1 3254 74 5 0 −70 +4




DNB (Isolated) DNB/Ag2 Nitro Face Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   9 8 0    
   17 7 1    
   20 4 0    
   42 4 1    
   116 9 11    
   162 79 3    
48 1 0 53 1 1 +5 0 +1 
54 0 2 61 12 0 +7 +11 −1 
157 1 3 157 15 0 +1 +14 −3 
166 0 4 175 114 14 +9 +114 +10 
196 2 0 208 8 1 +12 +6 +1 
310 0 0 311 8 0 +1 +8 0 
360 7 1 361 18 1 +1 +12 0 
414 1 3 415 22 2 +1 +20 0 
428 0 0 434 12 1 +6 +12 +1 
481 0 0 480 118 6 −1 +118 +6 
523 4 5 528 8 6 +4 +4 +1 
573 0 1 575 3 2 +2 +3 +1 
659 0 4 675 3 9 +15 +3 +5 
668 5 3 668 31 2 −1 +27 −1 
755 0 51 752 213 49 −4 +213 −1 
757 0 72 756 73 58 −1 +73 −13 
816 1 0 815 109 2 −2 +108 +2 
853 0 7 850 47 8 −3 +47 +2 
878 14 20 876 34 20 −2 +20 0 
945 3 28 946 8 22 0 +6 −6 
971 0 9 973 1 10 +2 +1 +1 
987 0 0 984 196 0 −3 +196 0 
1024 0 0 1035 49 0 +11 +49 0 
1025 29 0 1024 108 0 −1 +80 0 
1094 0 59 1099 47 52 +5 +46 −7 
1114 2 18 1119 2 11 +5 0 −6 
1180 5 7 1183 157 26 +2 +152 +19 
1189 42 6 1188 407 12 0 +365 +6 
 
Table S9. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated DNB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro face (NF) 
conformation  calculated at the M06-2X/aVTZ level of theory. 
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1294 0 1 1297 30 1 +3 +30 0 
1356 1 11 1357 119 24 +1 +117 +13
1458 18 377 1427 4888 189 −31 +4870 −188
1466 147 87 1461 724 277 −5 +578 +190
1490 9 0 1489 209 12 −1 +201 +12
1517 1 2 1515 29 7 −3 +28 +5
1659 28 220 1647 168 312 −12 +140 +92
1661 49 35 1658 76 94 −3 +27 +59
1701 1 132 1692 70 220 −9 +69 +88
1720 3 283 1714 78 335 −6 +74 +52
3230 69 1 3230 40 1 +1 −29 0
3251 35 14 3244 30 2 −7 −5 −12
3254 143 1 3253 88 8 −1 −55 +7
3264 34 26 3262 34 28 −2 0 +2
265
DNB (Isolated) DNB/Ag2 Nitro Double Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
16 4 0 
17 8 0 
27 8 2 
54 18 0 
142 40 0 
166 22 0 
48 1 0 50 15 4 +2 +15 +4
54 0 2 67 159 15 +14 +159 +14
157 1 3 158 9 6 +1 +9 +3
166 0 4 179 10 13 +13 +10 +10
196 2 0 204 24 6 +8 +23 +6
310 0 0 316 0 0 +6 0 0
360 7 1 366 3 1 +6 −4 0
414 1 3 420 8 5 +5 +6 +2
428 0 0 438 7 7 +10 +7 +7
481 0 0 491 49 38 +10 +49 +38
523 4 5 526 6 4 +3 +2 −1
573 0 1 578 0 0 +6 0 −1
659 0 4 675 7 36 +16 +7 +32
668 5 3 667 21 32 −1 +16 +30
755 0 51 753 14 44 −2 +14 −7
757 0 72 723 119 92 −34 +119 +21
816 1 0 796 31 88 −21 +30 +88
853 0 7 848 6 21 −5 +6 +14
878 14 20 868 13 15 −10 −1 −5
945 3 28 948 36 10 +2 +33 −18
971 0 9 964 25 16 −7 +25 +6
987 0 0 979 7 1 −8 +7 +1
1024 0 0 1033 2 0 +9 +2 0
1025 29 0 1023 175 2 −2 +146 +2
1094 0 59 1104 146 30 +10 +145 −30
1114 2 18 1114 6 17 0 +3 0
1180 5 7 1181 72 4 0 +67 −4
1189 42 6 1196 365 15 +8 +323 +9
Table S10. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated DNB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro double (ND) 
conformation calculated at the M06-2X/aVTZ level of theory. 
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1294 0 1 1297 118 10 +3 +118 +9
1356 1 11 1359 34 8 +3 +33 −3
1458 18 377 1319 7011 756 −140 +6993 +379
1466 147 87 1462 97 260 −4 −50 +173
1490 9 0 1484 109 15 −7 +100 +14
1517 1 2 1514 124 29 −3 +123 +27
1659 28 220 1578 6 28 −81 −23 −192
1661 49 35 1657 508 163 −3 +459 +128
1701 1 132 1670 106 7 −31 +104 −125
1720 3 283 1709 150 164 −11 +147 −119
3230 69 1 3226 102 3 −4 +34 +2
3251 35 14 3251 33 9 −1 −1 −5
3254 143 1 3253 121 5 −1 −22 +5




TNB (Isolated) TNB/Ag2 Bridge Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   13 2 0    
   21 8 0    
   21 4 0    
   41 7 0    
   50 12 0    
   146 76 0    
49 0 0 50 2 0 +2 +1 0 
49 1 0 84 103 0 +34 +102 0 
49 2 0 87 21 5 +37 +20 +5 
114 0 13 121 14 13 +7 +14 0 
158 0 3 159 2 3 +1 +2 0 
158 0 3 165 18 3 +7 +18 0 
207 1 0 212 17 0 +5 +16 0 
208 1 0 229 5 1 +22 +4 +1 
334 0 0 336 5 0 +2 +5 0 
342 9 0 345 5 1 +3 −5 +1 
378 3 2 379 53 0 +1 +49 −2 
379 3 2 379 7 1 0 +4 −1 
483 0 0 485 101 2 +2 +101 +2 
483 0 0 487 8 4 +4 +8 +4 
542 1 7 541 133 36 −1 +132 +30 
542 1 7 544 6 7 +2 +5 0 
626 0 0 630 1 0 +4 +1 0 
653 0 3 659 3 10 +6 +3 +7 
761 0 57 757 43 69 −3 +43 +12 
761 0 57 754 196 9 −7 +196 −47 
766 0 58 762 184 20 −4 +184 −38 
812 1 0 806 77 3 −6 +76 +3 
812 1 0 809 95 7 −3 +94 +7 
870 12 0 865 29 4 −5 +18 +4 
961 4 25 962 25 20 +2 +21 −5 
961 4 25 964 4 23 +3 0 −2 
977 0 19 989 3 14 +11 +3 −5 
985 0 0 993 2 1 +8 +2 +1 
Table S11. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated TNB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in bridge (B) 




988 0 1 937 727 12 −50 +727 +11 
1025 31 0 1023 183 4 −2 +152 +4 
1100 0 72 1108 40 45 +7 +40 −26 
1104 0 71 1101 4 70 −4 +4 −1 
1233 28 0 1230 768 44 −3 +741 +44 
1233 0 0 1238 6 2 +4 +6 +2 
1367 0 0 1366 839 80 −1 +839 +80 
1457 13 319 1425 3738 93 −32 +3725 −226 
1457 13 320 1422 1838 300 −35 +1825 −19 
1470 168 0 1456 1872 394 −15 +1704 +394 
1491 4 2 1487 205 17 −4 +201 +15 
1492 4 2 1482 73 1 −10 +69 −1 
1665 45 156 1649 56 224 −15 +11 +67 
1665 46 155 1645 1513 125 −20 +1467 −30 
1697 0 0 1672 48 113 −25 +48 +113 
1725 1 325 1716 93 430 −9 +93 +104 
1725 1 328 1707 170 395 −19 +169 +66 
3259 12 53 3260 52 40 +1 +40 -13 
3259 38 35 3260 31 24 +1 −6 −11 










TNB (Isolated) TNB/Ag2 Nitro Double Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
10 3 0 
19 4 0 
21 22 0 
68 20 0 
149 49 12 
202 2 4 
49 0 0 48 0 0 0 0 0 
49 1 0 47 3 1 −2 +2 +1
49 2 0 85 32 45 +35 +30 +45
114 0 13 127 42 5 +13 +42 −8
158 0 3 162 0 1 +5 0 −2
158 0 3 160 6 5 +2 +6 +2
207 1 0 223 0 14 +15 −1 +14
208 1 0 223 13 17 +16 +12 +17
334 0 0 338 1 0 +5 +1 0
342 9 0 348 4 1 +6 −5 +1
378 3 2 380 1 1 +2 −2 0
379 3 2 387 16 4 +8 +13 +3
483 0 0 488 1 0 +5 +1 0
483 0 0 499 20 78 +16 +20 +78
542 1 7 542 2 6 +1 +1 −1
542 1 7 545 5 2 +3 +3 −5
626 0 0 634 1 0 +8 +1 0
653 0 3 652 136 103 −1 +136 +100
761 0 57 747 48 49 −14 +48 −8
761 0 57 761 0 54 0 0 −3
766 0 58 701 314 116 −65 +314 +58
812 1 0 813 0 0 +1 −1 0
812 1 0 786 42 59 −26 +41 +59
870 12 0 856 22 24 −14 +11 +24
961 4 25 970 12 1 +9 +8 −24
961 4 25 961 3 23 0 −1 −2
977 0 19 974 4 7 −4 +4 −12
985 0 0 974 2 0 −10 +2 0
Table S12. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated TNB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro double (ND) 
conformation calculated at the M06-2X/aVTZ level of theory. 
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 988 0 1 958 95 16 −30 +95 +15 
1025 31 0 1021 264 14 −4 +233 +14 
1100 0 72 1103 1 65 +3 +1 −7 
1104 0 71 1105 195 18 +1 +195 −53 
1233 28 0 1223 286 259 −10 +258 +259 
1233 0 0 1236 1 1 +3 +1 1 
1367 0 0 1374 49 7 +7 +49 +7 
1457 13 319 1465 188 234 +8 +175 −85 
1457 13 320 1457 13 285 0 0 −35 
1470 168 0 1281 3525 1268 −189 +3357 +1268 
1491 4 2 1476 54 25 −15 +51 +23 
1492 4 2 1487 192 57 −5 +188 +55 
1665 45 156 1658 12 28 −7 −34 −128 
1665 46 155 1659 853 332 −6 +807 +177 
1697 0 0 1529 2 19 −168 +2 +19 
1725 1 325 1702 2 96 −23 +1 −229 
1725 1 328 1720 273 226 −5 +272 −102 
3259 12 53 3269 8 34 +10 −4 −19 
3259 38 35 3268 53 5 +9 +16 −30 













TNB (Isolated) TNB/Ag2 Nitro Edge Differences 
ω RA IR ω RA IR Δω ΔRA ΔIR 
   8 8 0    
   12 11 0    
   23 3 0    
   34 1 0    
   85 132 1    
   155 417 1    
49 0 0 49 1 0 0 +1 0 
49 1 0 49 21 0 0 +20 0 
49 2 0 58 134 0 +8 +133 0 
114 0 13 123 34 21 +9 +34 +8 
158 0 3 159 96 3 +2 +96 0 
158 0 3 166 437 3 +8 +437 0 
207 1 0 213 19 4 +5 +18 +4 
208 1 0 208 1 0 +1 0 0 
334 0 0 335 11 0 +2 +11 0 
342 9 0 346 181 0 +4 +172 0 
378 3 2 384 132 2 +5 +129 +1 
379 3 2 379 6 2 0 +3 0 
483 0 0 487 10 1 +4 +10 +1 
483 0 0 484 0 0 +1 0 0 
542 1 7 543 77 7 +1 +76 0 
542 1 7 542 22 5 0 +20 −2 
626 0 0 628 8 0 +1 +8 0 
653 0 3 655 2 2 +2 +2 −1 
761 0 57 761 474 97 0 +474 +41 
761 0 57 761 62 56 0 +62 −1 
766 0 58 763 16 69 −3 +16 +11 
812 1 0 804 452 12 −8 +451 +12 
812 1 0 812 1 0 0 0 0 
870 12 0 870 472 4 0 +460 +4 
961 4 25 961 4 25 0 0 −1 
961 4 25 966 1002 7 +5 +998 −18 
977 0 19 979 66 26 +2 +66 +7 
985 0 0 988 56 1 +3 +56 +1 
 
Table S13. Harmonic vibrational frequencies (ω in cm−1), Raman scattering activities 
(RA in Å4 amu−1), infrared intensities (IR in km mol−1) for isolated TNB as well as the 
corresponding changes upon complexation (Δω, ΔRA, and ΔIR) in nitro edge (NE) 
conformation calculated at the M06-2X/aVTZ level of theory. 
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988 0 1 986 0 1 −2 0 0 
1025 31 0 1025 291 0 0 +260 0 
1100 0 72 1104 1494 58 +4 +1494 −14
1104 0 71 1103 84 69 −1 +84 −2
1233 28 0 1232 3132 13 0 +3105 +13
1233 0 0 1236 61 0 +3 +61 0
1367 0 0 1367 232 0 0 +232 0
1457 13 319 1457 55 306 0 +42 −13
1457 13 320 1405 88543 127 -52 +88530 −193
1470 168 0 1465 3027 238 −5 +2859 +238
1491 4 2 1488 1695 15 −3 +1692 +13
1492 4 2 1491 129 3 −1 +126 +1
1665 45 156 1664 3499 238 −1 +3454 +82
1665 46 155 1647 278 199 −18 +232 +44
1697 0 0 1684 3 5 −13 +3 +5
1725 1 325 1726 1304 271 +1 +1303 −54
1725 1 328 1715 5 190 −10 +4 −139
3259 12 53 3257 122 33 −2 +110 −21
3259 38 35 3259 163 67 0 +126 +32




Atom x y z 
C 0.00000 0.00000 -1.34413 
C 0.00000 0.00000 0.06862 
N -0.02337 -1.21363 0.82249 
O -0.47299 -1.20524 1.93937 
O 0.38251 -2.24000 0.26927 
N 0.02337 1.21363 0.82249 
O 0.47299 1.20524 1.93937 
O -0.38251 2.24000 0.26927 
N -0.17786 1.12421 -2.04503 
N -0.17786 1.12421 -2.04503 
H -0.35743 1.97982 -1.53983 
H -0.01230 1.12490 -3.03488 
H 0.35743 -1.97982 -1.53983 











Table S14. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of FOX-




FOX-7/Ag2 (Nitro Edge) 
Atom x y z 
C 0.23051 -1.29790 2.12792 
C 0.22762 -1.31044 0.70695 
N 0.22118 -0.12567 -0.05343 
O -0.13374 -0.15016 -1.21605 
O 0.53074 0.93645 0.50158 
N 0.24510 -2.54384 -0.03120 
O 0.75111 -2.56684 -1.12075 
O -0.22812 -3.53886 0.51855 
N 0.07471 -2.42310 2.82620 
N 0.39821 -0.17052 2.81850 
H -0.14498 -3.27511 2.33069 
H 0.17411 -2.41160 3.82516 
H 0.55511 0.68996 2.31472 
H 0.28107 -0.17341 3.81586 
Ag -0.49814 2.36758 -1.67713 










Table S15. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of FOX-




FOX-7/Ag2 (Nitro Face) 
Atom x y z 
C 0.46635 -0.34337 1.86199 
C 1.10010 0.05794 0.65219 
N 0.82133 1.33363 0.07892 
O 0.87103 1.48359 -1.12692 
O 0.49158 2.24477 0.83344 
N 2.00520 -0.78738 -0.05280 
O 2.66688 -0.33022 -0.95566 
O 2.10363 -1.95863 0.31380 
N 0.56055 -1.59097 2.31504 
N -0.26767 0.50917 2.58009 
H 1.07804 -2.26206 1.76419 
H 0.14676 -1.83772 3.19583 
H -0.29922 1.47981 2.30923 
H -0.81662 0.16931 3.34886 
Ag 0.00391 -0.42083 -2.52229 










Table S16. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of FOX-





Atom x y z 
C -0.37868 0.26508 1.26736 
C 0.01301 0.06127 -0.05863 
N -0.46720 0.87814 -1.13510 
O -0.51299 0.41234 -2.24253 
O -0.85679 2.01519 -0.86074 
N 0.90861 -1.00020 -0.42613 
O 1.59362 -0.87010 -1.40567 
O 0.96093 -1.97858 0.31807 
N -0.13340 -0.61434 2.24099 
N -1.01211 1.40950 1.66333 
H 0.34520 -1.47078 2.00073 
H -0.16011 -0.29465 3.19636 
H -1.27477 2.03373 0.90745 
H 0.78932 1.29648 2.41553 
Ag 0.78932 2.61977 3.13059 










Table S17. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of FOX-





Atom x y z 
C -1.19684 0.69098 0.00000 
C -1.20217 -0.69788 0.00000 
C -0.00643 -1.39828 0.00000 
C 1.17405 -0.67782 0.00000 
C 1.20771 0.70473 0.00000 
C 0.00327 1.39004 0.00000 
H -2.13324 1.23160 0.00000 
H 0.02642 -2.47677 0.00000 
H 2.15813 1.21555 0.00000 
N 2.45296 -1.41619 0.00000 
O 3.47420 -0.76637 0.00000 
O 2.40085 -2.62552 0.00000 
H 0.00266 2.47066 0.00000 















NB/Ag2 (Nitro Edge) 
Atom x y z 
C -1.30548 0.73736 0.06775 
C -1.33046 -0.62395 -0.20832 
C -0.14906 -1.34493 -0.25638 
C 1.03603 -0.66933 -0.02291 
C 1.09075 0.68544 0.25434 
C -0.10098 1.38984 0.29816 
H -2.23174 1.29385 0.10362 
H -0.13219 -2.40295 -0.46792 
H 2.04338 1.16104 0.42874 
N 2.29227 -1.42822 -0.07310 
O 3.33043 -0.82186 0.13333 
O 2.24230 -2.61088 -0.31331 
H -0.08840 2.44872 0.51247 
H -2.27066 -1.12556 -0.38646 
Ag 5.17767 -2.57265 0.10575 









Table S19. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 




NB/Ag2 (Nitro Face) 
Atom x y z 
C -1.04670 0.58147 -1.86158 
C -1.13527 -0.76886 -2.17842 
C 0.01402 -1.53123 -2.29910 
C 1.23445 -0.91292 -2.08801 
C 1.35060 0.43067 -1.77315 
C 0.18979 1.17977 -1.66254 
H -1.94843 1.17077 -1.76929 
H -0.01888 -2.58193 -2.54311 
H 2.32422 0.87706 -1.63666 
N 2.45209 -1.72709 -2.18873 
O 3.49808 -1.23838 -1.77974 
O 2.36364 -2.83343 -2.65649 
H 0.25472 2.23020 -1.41863 
H -2.10090 -1.22946 -2.32944 
Ag 3.59443 -0.39913 0.56929 









Table S20. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 




NB/Ag2 (Nitro Double) 
Atom x y z 
C -1.56437 0.36803 -0.23703 
C -1.28918 -0.97899 -0.41348 
C -0.00571 -1.49418 -0.32056 
C 1.03644 -0.62142 -0.05475 
C 0.78596 0.73411 0.11635 
C -0.51001 1.22621 0.02813 
H -2.58230 0.71822 -0.30976 
H 0.15515 -2.55237 -0.45647 
H 1.60430 1.40977 0.32338 
N -2.39247 -1.89170 -0.65286 
O -2.14805 -3.08858 -0.71427 
O -3.52869 -1.43905 -0.64027 
H -0.70116 2.28049 0.16877 
H 2.04537 -1.00095 0.02157 
Ag -2.65294 -3.98808 1.81540 








Table S21. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 





Atom x y z 
C 0.00000 0.00000 -2.23210 
C 0.00000 -1.20247 -1.54160 
C 0.00000 -1.17402 -0.15835 
C 0.00000 0.00000 0.56746 
C 0.00000 1.17402 -0.15835 
C 0.00000 1.20247 -1.54160 
H 0.00000 0.00000 -3.31210 
H 0.00000 -2.15367 -2.05153 
H 0.00000 0.00000 1.64601 
H 0.00000 2.15367 -2.05153 
N 0.00000 -2.45517 0.58003 
O 0.00000 -2.39919 1.78677 
O 0.00000 -3.47091 -0.07621 
N 0.00000 2.45517 0.58003 
O 0.00000 3.47091 -0.07621 














Atom x y z 
C 0.17520 -0.00542 -2.20263 
C 0.06207 -1.21075 -1.52675 
C -0.15762 -1.19180 -0.16055 
C -0.26889 -0.01950 0.56605 
C -0.14075 1.16005 -0.14589 
C 0.07931 1.19289 -1.51176 
H 0.34811 -0.00001 -3.26853 
H 0.14641 -2.15898 -2.03549 
H -0.45615 -0.02477 1.62768 
H 0.17730 2.14608 -2.00864 
N -0.23157 -2.47066 0.55862 
O -0.37605 -2.42240 1.76547 
O -0.11356 -3.48813 -0.08458 
N -0.19640 2.43077 0.58919 
O -0.06374 3.45439 -0.04129 
O -0.34167 2.36955 1.79535 
Ag 1.83183 1.28986 3.21481 











DNB/Ag2 (Nitro Edge) 
Atom x y z 
C 0.16117 0.03178 -2.26109
C -0.05562 -1.16771 -1.60195
C -0.21998 -1.14755 -0.22699
C -0.17882 0.01379 0.51979
C 0.03803 1.18448 -0.17730
C 0.20920 1.22168 -1.54972
H 0.29345 0.03974 -3.33283
H -0.09737 -2.10855 -2.12931
H -0.30827 0.00916 1.59059
H 0.37572 2.17069 -2.03626
N -0.45069 -2.41895 0.47086
O -0.58045 -2.38230 1.68250
O -0.48502 -3.43242 -0.18556
N 0.08756 2.45315 0.58204
O 0.28262 3.46538 -0.04909
O -0.07104 2.38800 1.77748
Ag 0.15351 -4.69802 2.47971
Ag 1.51798 -6.73237 3.52150
Table S24. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 
DNB/Ag2 (Nitro Edge).  
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DNB/Ag2 (Nitro Face) 
Atom x y z 
C -0.56296 -0.24333 -1.96250 
C -0.32678 -1.35342 -1.16475 
C 0.09613 -1.15506 0.13978 
C 0.29580 0.10033 0.68106 
C 0.04622 1.17528 -0.14576 
C -0.37925 1.03308 -1.45576 
H -0.89404 -0.37756 -2.98150 
H -0.45314 -2.35542 -1.54639 
H 0.62499 0.23522 1.69940 
H -0.55787 1.91455 -2.05248 
N 0.32456 -2.32230 1.00392 
O 0.82832 -2.14116 2.08142 
O -0.02686 -3.41323 0.57728 
N 0.24272 2.53666 0.39637 
O 0.02286 3.46356 -0.34795 
O 0.61006 2.62796 1.54364 
Ag -4.95196 -3.46711 -0.91969 







Table S25. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 
DNB/Ag2 (Nitro Face).  
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DNB/Ag2 (Nitro Double) 
Atom x y z 
C -0.42311442 0.57357979 -2.54186755
C -0.39402863 -0.65055686 -1.89371907
C -0.31442405 -0.67537880 -0.50749352
C -0.28285220 0.48276595 0.25190649
C -0.31546901 1.67881771 -0.43471417
C -0.38110649 1.75433447 -1.81481326
H -0.48223691 0.60902998 -3.61977032
H -0.42898518 -1.58248626 -2.43660237
H -0.23158741 0.45088696 1.32832578
H -0.40218908 2.72134250 -2.29325462
N -0.33219922 -1.94499523 0.17318686
O -0.36806641 -1.94265637 1.40235365
O -0.51592662 -2.95931757 -0.49950496
N -0.28257977 2.93450242 0.34516601
O -0.30789614 3.97247152 -0.27523629
O -0.23269507 2.83994353 1.54900122
Ag -2.87944570 -2.12408830 2.07064720
Ag -3.06273573 -3.48258939 -0.29465226
Table S26. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 




Atom x y z 
C -1.21378 0.70075 0.00000 
C -1.17761 -0.67990 0.00000 
C -0.00003 -1.40154 0.00000 
C 1.17758 -0.67988 0.00000 
C 1.21373 0.70075 0.00000 
C 0.00000 1.35975 0.00000 
H -2.14833 1.24036 0.00000 
H 0.00002 -2.48068 0.00000 
H 2.14833 1.24034 0.00000 
N 2.45979 -1.42011 0.00000 
O 3.47178 -0.76209 0.00000 
O 2.39606 -2.62554 0.00000 
N 0.00004 2.84029 0.00000 
O 1.07590 3.38769 0.00000 
O -1.07575 3.38782 0.00000 
N -2.45983 -1.42018 0.00000 
O -2.39604 -2.62560 0.00000 













Atom x y z 
C -1.62970 0.42129 -0.11013 
C -1.25114 -0.89275 0.08685 
C 0.06428 -1.27449 0.26777 
C 1.02046 -0.27900 0.23596 
C 0.71264 1.05786 0.03707 
C -0.62726 1.37046 -0.13162 
H -2.66597 0.69454 -0.23745 
H 0.33238 -2.30700 0.43143 
H 1.47965 1.81437 -0.00637 
N 2.42225 -0.65152 0.47053 
O 3.23640 0.25192 0.47893 
O 2.66876 -1.81653 0.67298 
N -1.00629 2.78067 -0.29432 
O -0.10600 3.59788 -0.26670 
O -2.18083 3.03823 -0.40888 
N -2.29950 -1.93421 0.11275 
O -1.93766 -3.07284 0.28923 
O -3.43973 -1.56917 -0.04586 
Ag 1.12145 3.87667 2.23437 











TNB/Ag2 (Nitro Double) 
Atom x y z 
C -1.58050 0.35360 -0.22963 
C -1.31173 -0.99796 -0.41214 
C -0.02237 -1.50791 -0.31320 
C 0.99707 -0.61602 -0.05172 
C 0.79304 0.73985 0.12091 
C -0.51157 1.18636 0.02920 
H -2.58618 0.73694 -0.29559 
H 0.17359 -2.56019 -0.44359 
H 1.61003 1.41468 0.32140 
N 2.37828 -1.13795 0.05458 
O 3.25383 -0.33605 0.27569 
O 2.53034 -2.32800 -0.08691 
N -0.77554 2.62995 0.22376 
O 0.17765 3.33909 0.44071 
O -1.92495 2.99477 0.15208 
N -2.39355 -1.89388 -0.62592 
O -2.15511 -3.11628 -0.60143 
O -3.55214 -1.44719 -0.52664 
Ag -2.55491 -3.94498 1.66431 






Table S29. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 
TNB/Ag2 (Nitro Double). 
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TNB/Ag2 (Nitro Edge) 
Atom x y z 
C -1.48909 0.42997 -0.10582
C -1.25576 -0.91992 0.07291
C 0.00440 -1.44521 0.27568
C 1.05975 -0.55197 0.29589
C 0.89755 0.81041 0.12379
C -0.39009 1.26645 -0.07506
H -2.48557 0.81395 -0.26216
H 0.15697 -2.50511 0.41076
H 1.73724 1.48799 0.14244
N 2.41287 -1.07739 0.51165
O 3.32929 -0.27281 0.52915
O 2.54629 -2.27125 0.63359
N -0.60245 2.72011 -0.26259
O 0.37670 3.42476 -0.22603
O -1.73840 3.08836 -0.43677
N -2.41054 -1.84682 0.04650
O -2.17453 -3.01890 0.21119
O -3.49885 -1.35873 -0.13702
Ag 5.28660 -1.55578 -0.51476
Ag 6.89314 -2.49792 -2.41781
Table S30. Cartesian coordinates (in Å) of M06-2X/aVTZ optimized structure of 
TNB/Ag2 (Nitro Edge).  
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